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A case of venous air embolism during a procedure in the sitting position is 
reported in which the patient developed fulminant pulmonary edema within 2 
hours of the embolus. Possible cause and effect relationships are discussed. 
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A 
CUTE pulmonary edema following 
neurosurgical procedures is un- 
common, but well documented. ~,~2 

Venous air embolism during neurosurgical 
procedures in the sitting position has a 
reported incidence of from 1.6% to 
15%, ~2,~3 and a mortality rate, generally 
from hypotension and cardiac arrest, ~ of up 
to 93% in untreated cases, 4 and from 0 to 
28% in treated cases. 9,~ In surveying the 
literature we were unable to find any cases 
where acute pulmonary edema, or the "wet 
lung" syndrome, was associated with venous 
air embolism. We are reporting such a case 
in which we verified the diagnosis of venous 
air embolism by fortuitously noting air in 
the dural sinuses during routine fluroscopy 
and video taping. 

Case Report 

At the age of 10 years this 27-year-old 

left-handed man noted increased tone and 
athetoid movements in his right arm and leg 
which progressed slowly over a 10-year 
period, and stabilized so that his right arm 
was virtually useless. The abnormal move- 
ments were accentuated by stress, and 
caused him to avoid social situations. The 
patient was diagnosed as having dystonia 
musculorum deformans and admitted for a 
left stereotaxic thalamotomy to decrease the 
tone and abnormal movements. 

Examination. The positive neurological 
findings were confined to the right arm and 
leg and included marked increase in tone, 
minimal hypesthesia to pinprick, and athe- 
toid movements, more marked distally; all 
of these findings were greater in the right 
arm. CerebeUar testing was normal; there 
was no specific weakness and the deep 
tendon reflexes were 2+  bilaterally. The 
general physical examination was normal. 
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Acute pulmonary edema following venous air embolism 

On the day before surgery the patient 
underwent a pre-thalamotomy pneumo- 
encephalogram during which 110 cc of 
oxygen were instilled via a 20-gauge spinal 
needle at L3-4, and 55 cc of CSF were 
removed. The patient tolerated the pro- 
cedure well, and the study demonstrated 
slightly enlarged ventricles with no cortical 
atrophy. 

Operation. The patient was placed in the 
sitting position and given 4 cc of Innovar* 
intravenously. As it was necessary for the 
patient to be conscious and cooperative for 
neurological examination, neither a "G suit" 
nor an esophageal stethoscope was used. 
Under local lidocaine anesthesia a left 
occipital trephine opening was made and 
bone wax was applied; the dura appeared 
sunken and pulsatile. A Guiot-Gillingham 
stereotaxic apparatus was then applied; the 
patient was talkative and able to move all 
extremities. As a small cruciate incision was 
made in the dura he complained of neck 
pain, and his pulse rate fell from 80 to 40 
with no change in blood pressure. Atropine, 
0.4 mg, abolished the bradycardia. At this 
point, two attempts were made to enter the 
left lateral ventricle with the use of the 
stereotaxic ventricular needle, but the ven- 
tricles were not encountered and, therefore, 
no air was injected. By using the "C-arm" 
fluoroscopy unit and video taping, the 
trajectory of the needle was checked and 
appeared appropriate. It was noted on the 
TV monitor that air was streaming over the 
convexities from the vertex region, flowing 
posteriorly and inferiorly toward the base of 
the skull. This was thought initially to be 
subarachnoid air. However, at the same 
time, the patient became increasingly 
drowsy, and subsequently unarousable; the 
procedure was terminated immediately. Dur- 
ing the closing procedure, the blood pressure 
dropped from 140 to 90 systolic, but 
responded to 30 ~ semi-Fowler's position. 
Several premature ventricular~ontractions 
were noted on the EKG monitor. 

Postoperative Course. In the r~overy 
room the patient was unresponsiv~ and 
intermittently decerebrate in response to 

*Innovar (fentanyl 0.05 mg and droperidol 2.5 
mg per cc) manufactured by McNeil Laboratories, 
Inc., Fort Washington, Pennsylvania 19034. 

FIG. 1. Left carotid arteriogram, brow-up 
venous phase, demonstrating retraction of frontal 
lobes (small arrowheads) and stretching of a bridg- 
ing vein (large arrowhead). 

noxious stimuli. The blood pressure was 
stable at 150/80, and an EKG showed sinus 
tachycardia of 160. Physical examination 
demonstrated marked tachypnea and bi- 
lateral rales. The patient had small mini- 
mally reactive pupils but maintained the 
oculocephalic reflex. A nasotracheal tube 
was placed, and emergency left carotid and 
vertebral arteriograms showed no intra- or 
extracerebral hematoma but did show: con- 
siderable air subduraUy; the frontal lobes 
appeared retracted from the skull, and the 
bridging veins were stretched (Fig. 1) ; 
minimal transtentorial herniation was also 
demonstrated. During the arteriogram the 
patient was dusky, his arterial blood dark, 
and he showed signs of peripheral vaso- 
constriction. Arterial blood gases drawn 
while the patient was receiving 100% oxygen 
revealed a pO2 of 51 and pCO2 of 28. A 
chest film showed bilateral pulmonary 
edema (Fig. 2). A central venous catheter 
was placed, and the central venous pressure 
was found to be 3 cm of water. A review of 
the video tape at this point showed that the 
streaming air appeared to be in the dural 
sinuses (Fig. 3). The chest film was taken 
2�89 hours after the air had been seen on 
fluoroscopy. 
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FIG. 2. Chest film 2 hours postoperatively 
showing bilateral pulmonary edema. 

The "wet lung" syndrome 11 was treated 
by using a volume cycle respirator with large 
title volumes (18 cc/kg) and positive end 
expiratory pressure (PEEP) of 10 cm H20. 
Pancuronium was used for neuromuscular 
paralysis. Within 6 hours, the percentage of 
inspired oxygen (FIO2) was progressively 
decreased from 100% to 40%, so that 
adequate peripheral oxygen transport was 

Fro. 3. Medical illustrator's drawing of the 
television videotape of fluoroscopy during the 
operation. The posterior portion of the skull is to 
the left; and the white dots represent air seen 
traveling in the dural sinuses and internal jugular 
vein. Air is also seen in the lateral ventricles. 

assured; i.e., an arterial pO2 of 75 to 85, 02 
saturation of 90% to 95%, normal pH, and 
normal hemoglobin concentration. Fluid 
management was monitored with hourly 
urinary output, together with central venous 
pressure, pulse, blood pressure, and body 
weight. A daily weight loss of at least 0.5 kg 
was maintained so that any increase in lung 
water from fluid management was negligi- 
ble. 21 Furosamide was used intermittently to 
assure this weight loss. Physiological and 
roentgenographic evidence of pulmonary 
improvement appeared slowly. The PEEP 
and paralysis were discontinued on the 5th 
day of mechanical ventilation, and he was 
weaned from the ventilator by the 8th 
day. 

It was difficult to assess the patient 
neurologically while paralyzed with pan- 
curonium, but he was able to protrude his 
tongue on command on the first post- 
operative day as the drug effect subsided, 
although he maintained decerebrate posture. 
Pupils were equal and reactive, and the 
EEG showed moderate diffuse slowing, 
consistent with hypoxic changes. After the 
pancuronium was stopped on the 5th 
postoperative day he could follow with his 
eyes, protrude his tongue, but had no 
spontaneous movements of his extremities. 
Gradually over the next 4 weeks, his mental 
status progressed from stupor to confusion 
to complete normalcy. The cranial nerve 
and sensory examination was normal within 
2 weeks. He progressed from decerebrate 
rigidity to generalized spasticity, with motor 
function appearing first in the left arm at 3 
weeks, and in his legs by 4 weeks. 

Three months postoperatively, his left 
arm is normal, he walks unassisted with a 
slightly spastic gait, and his right arm 
remains spastic and flexed at the elbow, with 
only minimal function. He is able to feed 
and dress himself. 

Discussion 

Precise interpretation of the sequence of 
events in this patient is difficult and not 
entirely conclusive, but we believe the 
relationship between the events is as 
follows: the preoperative pneumoenceph- 
alogram, with a large exchange of air 
and CSF, plus a postulated continuous leak 
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from the lumbar subaraclmoid space, re- 
moved the normal fluid cushion of the brain, 
and allowed caudal displacement in the 
sitting position. This was evidenced by the 
markedly sunken dura seen on completing 
the craniectomy. We believe that when the 
dura was opened this served as a vent, 
allowing air to enter the subdural space, and 
in turn produced a further caudal shift of the 
brain. Since air was visualized in the 
superior sagittal sinus over the vertex at this 
point, we conclude that the caudal move- 
ment of the brain caused tearing of a 
bridging vein, and allowed the ready access 
of subdural air into the venous sinus. 
Although an esophageal stethoscope was not 
available for evaluation of cardiac murmurs, 
the bradycardia, 5 hypotension, 6 and pre- 
mature ventricular contractions 15 are all 
consistent with the venous air embolism 
documented on the TV monitor. 

Shortly after the air embolism, the patient 
developed severe pulmonary edema, due 
either to the air embolism or a neurogenic 
stimulus. The pathophysiology of these two 
entities involve distinctly different mechan- 
isms. Clinically, neurogenic pulmonary 
edema has been associated with trauma, 
intracranial hematoma or neoplasm, and 
seizures? It has been seen experimentally 
following sudden increase in intracranial 
pressure," bilateral lesions in the preoptic 
areas, 2" hypothalamic lesions, 17 and intracis- 
ternal injection of fibrin ~~ or endotoxin. 2~ 
Whatever the initial lesion, most investi- 
gators have recorded intense sympathetic 
overactivity leading to redistribution of 
blood volume to the pulmonary circuit, with 
systemic and pulmonary arterial hyperten- 
sion, left atrial and pulmonary venous 
hypertension, and subsequent pulmonary 
edema.~.3-1e,22 

On the other hand, pulmonary edema 
following air embolism has not been 
documented in humans, but has been well 
studied in dogs. Is,z~ Following large air 
emboli, a foamy mixture of air, blood, 
fibrin, and fat are seen in the right heart and 
pulmonary arterial tree. s Initial cardio- 
pulmonary responses include bradycardia, 
systemic hypotension, and pulmonary arteri- 
al hypertension, with no left atrial or 
pulmonary venous hypertension, s The path- 
ophysiology of the subsequent pulmonary 

edema observed is not completely under- 
stood, but may involve mechanisms similar 
to blood clot emboli. TM Theoretically, then, 
measurement of the pulmonary wedge 
pressure as an estimation of the left atrial 
and pulmonary venous pressure should 
differentiate the pulmonary edema due to air 
emboli from that due to neurogenic stim- 
uli. 

Because of the lack of increased intra- 
cranial pressure, the initial bradycardia and 
hypotension, and the documentation of large 
air embolism on video tape, we favor air 
embolism as the cause of pulmonary edema 
in this patient. Since left atrial pulmonary 
capillary wedge pressures were not mea- 
sured, exclusion of brain stem injury as a 
cause of "neurogenic" pulmonary edema is 
impossible. 

The exact etiology of the brain stem 
injury is not apparent, but may also have 
been due to the sudden caudal displacement 
of the brain. As the patient appeared in the 
immediate postoperative period to have a 
"Count of Monte Cristo" syndrome, TM being 
able to move only his eyes and tongue, we 
believe the brain stem injury was in the 
ventrorostral pons. A lesion here, be it 
traumatic, hemorrhagic, or hypoxic, may 
involve the corticospinal tracts, but spare 
the aberrant pyramidal tracts to any or all 
cranial nerve nuclei, x~ 

We believe that the rapid onset of 
pulmonary edema following a neurosurgical 
procedure in the sitting position should 
suggest the diagnosis of air embolism as well 
as a "neurogenic" etiology, and in either 
case, should be treated by mechanical 
ventilation and positive end expiratory 
pressure. This case suggests that procedures 
in the sitting position the day following 
pneumoencephalography should be carefully 
considered. 
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