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Abstract

A case with cerebral venous air embolism (CVAE) after neurosurgery and treated with hyperbaric oxygen therapy (HBOT) is
presented. This is a rare and potentially fatal complication that neurosurgeons should be aware of. A 52-year-old male was
diagnosed with an intracerebral hematoma. An emergency evacuation of the hematoma was performed with a craniotomy and the
postoperative CT scan showed a complete evacuation of the hematoma, but it also revealed a CVAE. The patient was immediately
referred to HBOT and received three sessions within 48 h. The CT scan after the first HBOT showed no CVAE, venous

thrombosis, or new hematoma.
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Introduction

Air embolism is a well-known risk of several medical proce-
dures. A rare and feared subtype of air embolism is the cere-
bral venous air embolism (CVAE) [13]. It can occur during
brain surgery when the integrity of the venous system is bro-
ken and the head is elevated above the heart [14]. Other pos-
sible causes include during central venous line insertion, use,
or removal, or during intravenous drug and fluid infusion [7].
Hyperbaric oxygen therapy (HBOT) is the recommended
management for cerebral arterial air embolism [17], but the
efficacy of this treatment is not well documented in CVAE [1].
To our knowledge, HBOT for the management of CVAE has
only been described twice previously [2, 9].

We present a case with CVAE in the superior sagittal sinus,
confluence of sinuses, and transverse sinus after brain surgery
which was treated with HBOT.
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Case report
Clinical history

A 52-year-old man with a known history of untreated hy-
pertension was admitted to his local hospital due to acute
onset of dysarthria and dysphagia and paralysis of his right
arm during skiing. On the initial clinical examination, his
blood pressure was 188/100 mmHg, Glasgow Coma Scale
(GCS) 15, and National Institutes of Health Stroke Scale
(NIHSS) 19. The CT scan revealed an intracerebral hema-
toma (ICH) in the left hemisphere, measuring 44 ml involv-
ing the basal ganglia and the internal capsule with a mild
midline shift (Fig. 1a). CT angiography revealed no vascu-
lar malformation. At this time, there was no indication for
acute evacuation of the hematoma and the patient was ad-
mitted for observation in the local hospital (with no neuro-
surgical service). Fourteen hours later, the patient’s GCS
dropped to 9 (M6, V2, Ol). A new CT scan showed pro-
gression of the original hematoma 44 to 52 ml and a midline
shift of 6 mm (Fig. 1b). The patient was transferred to our
institution by helicopter for neurosurgical intervention. On
arrival at OUS-Ulleval, the GCS was 9, blood pressure was
140/95 mmHg, and he had a right-sided hemi-paralysis.
The patient was intubated and sedated and a central venous
catheter (CVC) was put in the right subclavian vein before
transfer to the operating room for craniotomy and hemato-
ma evacuation.
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Fig. 1 a The initial CT scan (coronal) showing ICH in the left hemisphere
measuring 44 ml with slight mass effect. b CT scan (coronal) 14 h later
showing expansion of the original ICH measuring 4 X 4 x 4 cm (52 ml)
and a midline shift of 6 mm. ¢ CT scan (coronal) postoperative status after

Surgical procedure

Surgery was performed under general anesthesia using total
intravenous anesthesia (TIVA). He was placed in a supine
position with the upper body elevated 20° and the head fixed
in a Mayfield clamp. A left-sided frontal craniotomy was
made. The hematoma was located with intraoperative ultra-
sound and was evacuated according to standard microsurgical
procedure (Fig. 1c). He also got implanted an intracranial
pressure (ICP)-monitoring device. The surgery was unevent-
ful with no visible or recognized bleeding from large veins or
bone sinuses.

Postoperative course

The operation was completed at 8:30 PM, and he was kept
intubated and sedated overnight. The next day at 7:30 am,
a routine postoperative CT scan showed a CVAE in the
superior sagittal sinus, confluence of sinuses, and trans-
verse sinus (Fig. 1d, e). He was still intubated and sedated
and on a ventilator; hence, a neurological examination was
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evacuation of hematoma. d, e Postoperative CT scan 11 h after surgery
showing air in the superior sagittal sinus, confluence of sinuses, and
transverse sinuses. f CT cerebral venography (sagittal) after the first
HBOT showing no air in the superior sagittal sinus

not possible. He was hemodynamically stable and received
40% oxygen, before receiving 100% oxygen in anticipa-
tion of HBOT. It took 7 h from the discovery of CVAE
until the patient was moved to the hyperbaric chamber,
located in the same building as our intensive care unit
(ICU), for HBOT.

Hyperbaric oxygen therapy

A hyperbaric chamber with ICU capabilities was used for
the management. He received a total of three sessions of
HBOT. The treatment schedules are adopted from the
standard US Navy recompression treatment tables 6 and
9 [6]. The first session consisted of a total of 4 h 50 min
and included pressurization to 2.8 atmospheres absolute
(ATA), equivalent to 18 m below sea level (bsl) for 1 h
15 min hours followed by 3 h 5 min at 1.9 ATA (9 m bsl).
CT venography immediately after the first HBOT showed
satisfactory conditions without signs of thrombosis, air
emboli, or rebleeding (Fig. 1f). Due to volatile intracranial
pressures necessitating continuous neurointensive care,
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including sedation, a clinical neurological assessment was
not possible at the time. With the aim to prevent and
ameliorate inflammation, edema, and ischemia-
reperfusion injury in the tissues affected by the air embo-
lism, two additional HBOT sessions of 90 min of pressur-
ization at 2.4 ATA (14 m bsl) were administered over the
following 36 h. During all HBOT sessions, the patient
was ventilated with 100% oxygen, except for short breaks
at lower F;0, as mandated in the treatment tables. An
anesthesiologist accompanied the patient in the chamber
during all the sessions. Pressurization was tolerated well
by the patient and he remained stable with respect to ven-
tilation and circulation throughout. In order to prevent
lung atelectasis resulting from prolonged ventilation with
100% oxygen, a PEEP of 10 cm H,O as well as alveolar
recruitment maneuvers was administered during and after
the hyperbaric sessions. The patient required extended
care in the neurosurgical intensive care unit, chiefly due
to elevated ICP. He was treated for pneumonia and a tra-
cheostomy tube was placed before he was weaned off
ventilator support 13 days after surgery. Upon discharge
to the local hospital 17 days after admission, his clinical
status was as follows: right-sided hemi-paralysis, right-
sided central facial paralysis, neglect, and dysarthria.

Status at last follow-up

After 4 months of rehabilitation, the patient was mobilizing
well and was making progress in becoming independent in
normal daily activities. He has no dysarthria, dysphagia, or
cognitive deficits, except mild fatigue, and he returned to his
academic profession in a 40% position.

Discussion
Incidence of CVAE

The incidence of CVAE after intracranial surgery is largely
unknown [15]. We routinely do postoperative CT or MR scans
on all our patients after intracranial surgery, from 6 to 48 h
after surgery, and we very rarely see CVAE.

Causes of CVAE

Air in the cerebral venous system could enter through in-
jured intracerebral vessels or venous channels in the skull
bone during neurosurgery, or through an open peripheral or
central venous catheter. We did not recognize any injury to
bridging veins/sinuses or open venous channels in the bone
during the operation. Procedures such as central venous
catheter (CVC) insertion, use, or removal also constitute
a special risk [7]. The patient should be placed briefly in a

Trendelenburg position during CVC placement and remov-
al to counteract this effect [7]. Nedelmann et al. also de-
scribe insufficiency in jugular valves as a cause of CVAE
[12]. Unfortunately, our case did not receive jugular sonog-
raphy. The exact cause of CVAE in our patient is not
known.

Symptoms of CVAE

CVAE will cause symptoms depending on the size, speed of
formation, and location. The outcome ranges from no symp-
toms to focal neurological deficits and even death. Although
CVAE is rare, it should be suspected in patients having acute
focal neurological deficits after craniotomy and/or insertion/
use/removal of a CVC [5].

Pathophysiology of CVAE

An air or gas embolism may cause mechanical occlusion of
the vessel lumen as well as irritation and damage to the vas-
cular endothelium [10]. Although the mechanical occlusion in
CVAE does not cause immediate arterial ischemia, the inter-
action with the endothelium may trigger neutrophil aggrega-
tion via {3, integrin adhesion, worsening venous stasis, poten-
tially leading to infarction. An inflammatory cascade mediat-
ed by ischemia-reperfusion mechanisms may further exacer-
bate the injury [3, 11].

Treatment

Initial treatment for any vascular air embolism includes im-
mediate administration of oxygen, aiming for an effective in-
spired fraction of 100% [8]. The resulting increased partial
pressure of oxygen will accelerate nitrogen resorption and
decrease bubble size. Placement of the patient in a
Trendelenburg position should theoretically move the bubble
out of the cerebral veins and towards the pulmonary vascular
filter [13]. The application of this maneuver must however be
balanced against the potential deleterious effect of increased
intracranial pressure.

Fundamentally, HBOT exerts two effects on the body.
First, compression by increased atmospheric pressure will
mechanically affect any gas bubbles. Their volume is re-
duced in inverse proportion to the pressure, as dictated by
Boyle’s law. Increasing the atmospheric pressure from 1.0
to 2.8 ATA will for example reduce the volume of an air
bubble 2.8 times. In the case of a spherical bubble, its
diameter will be reduced by a little more than a third and
its surface area by half. However, intravascular bubbles of
clinical relevance will typically present with a cylindrical
shape. Such a sausage-shaped air bubble will by the same
pressure increase have its length reduced 2.8 times. In ad-
dition, the increased gas pressure of the emboli will help
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diffuse the nitrogen and oxygen into the tissues and venous
blood for removal via the lungs during the HBOT treat-
ment, with gradually reduced pressure according to
protocol.

The second effect is a dramatically increased partial pres-
sure of oxygen. At 2.8 ATA, breathing 100% oxygen results in
an arterial pO, of 1800 mmHg. The immense partial pressure
gradient between oxygen and nitrogen promotes elimination
of nitrogen from the bubble and rapidly reduces its volume
[8]. Oxygen delivery is improved in the ischemic penumbra
zone and intracranial pressure is reduced due to cerebral artery
constriction. Hyperbaric oxygen also has potent anti-
inflammatory properties including inhibition of leukocyte-
endothelial cell adhesion in injured tissues by HBOT-
induced downregulation of (3, integrin cell adhesion mole-
cules [3]. Furthermore, HBOT has been shown in animal
and human models to impair proinflammatory cytokine pro-
duction by monocytes/macrophages and in several models to
alter hypoxia-inducible factor-1 (HIF-1) production, improv-
ing ischemic tolerance [4, 16].

For arterial gas embolism, repeated HBOT treatment is
recommended until no further clinical improvement is ob-
served. No evidence-based recommendations exist for
CVAE but we believe a similar approach is reasonable. A
neurological examination of our patient was not possible in
the first days after surgery and the number of treatments was
judged to be appropriate based on our clinical experience
treating gas emboli.

Risk of HBOT treatment

There are a few absolute contraindications for HBOT treat-
ment, but previous bleomycin treatment, certain other drugs,
and untreated pneumothorax are absolute contraindications.

HBOT is generally safe and well tolerated, and most of the
side effects are mild and reversible [4].

Conclusion

We present a potential fatal but rare complication after brain
surgery and show that HBOT can be used to treat CVAE even
with many hours delay. Very few cases of this have been
reported and this is a complication all neurosurgeons must
be aware of and its potential outcome.

The message
1. Cerebral venous air embolism (CVAE) after intracranial

surgery is a rare.
2. CVAE is a potentially fatal complication.
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3. The recommended treatment for CVAE is hyperbaric ox-
ygen therapy (HBOT).
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Comments

Here, we have a useful and informative clinical case report where fast
thinking and fast action most likely prevented a disastrous outcome.
These authors did not identify clinical findings of CVAE in this single
case, but the CT scan appearance leaves no doubt. A rapid protocol for
HBO was instituted, and ultimately, the patient made a reasonable

recovery. | have never seen such a case myself and, therefore, have

never used HBO for this purpose, but I learned from this report and

think that all cranial and trauma surgeons should keep this in mind

when evaluating postoperative CT findings. It is a most instructive case.
Christopher Miranda Loftus

Philadelphia, USA
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