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•venous aIr
fossa

Quadriplegia following
embolism during posterior
exploration
A case report

H. J. DU TO/T, A. P. ROSE-INNES, D. LE ROUX, C. P. DE LA HARPE ..

Summary
A frequent complication of posterior fossa explora
tion with the patient in the sitting position is venous
air embolism. Spinal cord deficits following such a
mishap have rarely been reported. We report a case
in which a patient who suffered venous air embolism
developed quadriplegia from the C6 level. The
mechanisms of passage of air into the arterial sys
tem are discussed.
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Surgical procedures in the region of the posterior fossa with the
patient in the sitting position are associated with a number of
complications. Venous air embolism is the most common com
plication and has been documented frequently.l.2

The reported incidence of venous air embolism in the sitting
position varies from 2%2 to 29%3 depending on the sophistication
of the methods used. The mortality associated with this compli
cation ranges from niP to 73%.4 Neurological complications of
venous air embolism have rarely been reported. 5 We report the
development of quadriplegia following successful resuscitation
of a patient who sustained this complication during posterior
fossa surgery.

Case report

A fit 26-year-old woman was scheduled for posterior fossa explo
ration for a suspected cerebellar tumour. The operation was to be
performed with the patient in the sitting position. The tumour
was situated in the rostral vermis area of the cerebellum, and
histological examination of a biopsy specimen established the
diagnosis of haemangioblastoma.

Premedication of lorazepam 2 mg was given orally 2 hours
before the operation. On arrival at the theatre labetalol25 mg was
given intravenously. The patient was pre-oxygenated for 4
minutes, and induction with thiopentone 300 mg was followed
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byalcuronium 15 mg. Prior to intubation she was ventilated with
100% oxygen.

The trachea was sprayed with xylocaine 4% and a number 8
cuffed endotracheal tube was inserted. Anaesthesia was main
tained with a nitrous oxide-oxygen mixture, the fractional
inspired oxygen concentration being 0,5. Halothane (0,4-1,0%)
and fentanyl 0,5 mg in divided doses were added. The patient
was ventilated with a Draeger Spiromat 650. Shortly after induc
tion administration of 20% mannitol (J glkg) was commenced.

The following monitors were used: (i) a 20G radial artery
catheter was inserted and the arterial pressure continuously
monitored with a Simonsen and Weel AE 840 pressure trans
ducer and oscilloscope; (ii) a central venous line was inserted via
a basilic vein and a radiograph taken to confirm that the tip lay
opposite the third right costal cartilage; (iii) an intra-oesophageal
stethoscope; (iv) an intra-oesophageal temperature probe; (v) con
tinuous electrocardiographic monitoring; (vi) expired carbon
dioxide was continuously monitored with a Godart infant cap
nograph; (vii) measurement of the peripheral pulse rate;' and
(viii) measurement of urine volume.

The patient was gradually eased into the sitting position with
minimal upset in the readings. The pulse rate was 75/min, the
central venous pressure was 5 cm H2 0 and the end-tidal carbon
dioxide concentration was 4 vol. %. The arterial pressure was 105
mmHg.

Anaesthesia was maintained for 41h hours with only minor
changes in the above readings. During approximation of the
muscle layers at the end of the operation, however, the systolic
blood pressure dropped to 60 mmHg in I minute, the end-tidal
carbon dioxide concentration dropped to 2 vol. %, and the central
venous pressure rose to 17 cm H20. The ECG remained normal.
Venous air embolism was suspected. No cardiac murmurs were
detected through the oesophageal stethoscope.

The operating table was levelled and 100% oxygen adminis
tered. Aspiration on the-central venous catheter produced 130 rnl
air. Within 5 minutes the patient's condition improved - all the
readings 'were back to the previous levels and the operation could
be continued. Methylprednisolone 30 mg/kg was administered
intravenously. The operation ended 35 minutes after the inci
dent, and although the patient was fully conscious within 20
minutes it was decided that she should be ventilated overnight.

To our Horror it was discovered 4 hours later that she was
quadriplegic, with a motor and sensory level below C6. On the
2nd postoperative day some movement of the left big toe was
possible. Reflexes in the legs were slightly depressed, but the
arms exhibited a flaccid paralysis. Shoulder movement was nor
mal. Motor function in the legs improved progressively over 7
days up to 50% of normal power, but with an element of spas
ticity. The flaccidity of the arms remained unchanged. At first
urinary retention was a problem, but bladder function had
returned to normal within 3 weeks. There was loss of pain
sensation below C6, but proprioceptive sensation was normal.
When discharged 28 days later she could stand with support, but
there was no improvement in the flaccid paralysis of the hands.



Discussion

Venous air embolism is regarded as a particular hazard during
posterior fossa exploration in the sitting position. A number of
clinical signs of air in the circulation and methods of detecting it
have been described,6-14the placing of a Swan-Ganz catheter in
the pulmonary arter/5,16 being the most recent.

Our patient developed quadriplegia after air embolism, an
extremely rare complication. We have failed to find another such
report in the literature of the past 10 years. Paraplegia has been
reported following venous air embolism resulting from a pres
surized scalp vein infusion in a neonate. 17

Emerson er al. 18 injected air into the rat pulmonary artery but
failed to detect bubbles in the pulmonary vein or left auricle.
They concluded that under physiological conditions it is diffi
cult, if not impossible, for gaseous emboli to pass through the
pulmonary circulation in the absence ofcardiac defects. Although
cardiac catheterization to exclude a cardiac defect was not per
formed in our case there was no clinical evidence of any abnor
mality. However, Butler and Hills l9 demonstrated in dogs that
air could pass through the pulmonary circulation when a large
bolus (30 ml) was injected into the right ventricle or pulmonary
artery. The bubbles were detected by a Doppler probe posi
tioned transcutaneously over a femoral artery. When their experi
mental animals were pretreated with aminophylline, a pulmo
nary vasodilator, quantities of air not exceeding 2 ml injected
into the right ventricle, with a bubble size of 130 J.Lm, passed
through the pulmonary circulation in every case. This observa
tion has important clinical implications.

There are reports20,21 of observation of air in the arterial sys
tem in man after inadvertent venousleaks. Vourc'h20 observed
air in the cerebral arterioles following venous air embolism
during posterior fossa exploration. At autopsy no cardiac defect
could be demonstrated. Baskin and Wozniak22 presumed that the
air traversed physiological arteriovenous shunts.

It has been demonstrated in man that venous air embolism
raises the pulmonary arterial pressure, the rise being directly
related to the amount of air entrained. '7 In our case a large
amount of air (130 ml) was aspirated, which would have raised
the pulmonary arterial pressure markedly. In addition halo
thane, a pulmonary vasodilator which also suppresses the
hypoxic pulmonary vascular reflex responsible for vasoconstric
tion, was used,23 resulting in the conditions found by Butler and
Hills l9 to be necessary for a venous air embolus (a large bolus of
air with raised pulmonary artery pressure and vasodilation) to
pass the pulmonary circulation.

Nitrous oxide was used as an anaesthetic agent at the time of
the air embolism in our case, and its gradient and solubility
between blood and the air bubbles would have resulted in a
marked increase in the size of the latter. 24 After an embolic
episode one is never sure when the circulation has been cleared of
air, and nitrous oxide should therefore not be used again.

Air bubbles in cerebral or spinal arteries produce an imme
diate transient block. After minutes the air moves on, leaving
arterial spasm, followed by dilatation and srasis.25 The localiza
tion of the embolus and the extent of ischaemia determine the
degree of neurological deficit, the brain being far more vul
nerable than the spinal cord,21 and there is also selective vulnera
bility of some areas of the brain and spinal cord.26 Although a
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hypotensive anaesthetic technique was not used in this case there
was a period of less than 5 minutes during which the systolic
pressure dropped to 8 kPa (60 mmHg), when ischaemic damage
to the spinal cord could have occurred. However, in view ofthe re
covery of normal cerebral function it seems most unlikely that
this was the case; furthermore, in the sitting position the arterial
pressure at the C6 level would have been higher than at cranial
level. We cannot implicate the posterior fossa surgery either
because of the level of the spinal lesion.

In conclusion, passage of air into the arterial circulation,
although a rare extension of venous air embolism, may cause
catastrophic neurological damage and should be added reason
for particular vigilance during procedures which put patients at
risk of this complication.

We wish to thank Dr C. Vivier, Chief Medical Superin
tendent, Tygerberg Hospital, for permission to publish, Profes
sor F. R. Erasmus for valuable criticism and Mrs L. du Preez for
typing the manuscript.
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