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Introduction: Pneumocephalus is a collection
of air in the cranial cavity. It appears commonly
after supratentorial craniotomies, whereas
tension pneumocephalus is a rare but potential
life-threatening complication of intracranial
surgical procedures. Case Report: A 27-yearold female patient, who was diagnosed with
right cerebellopontine angle tumor, received
twice suboccipital craniectomies for tumor
removal. Postoperatively, she had subclinical
pneumocephalus, which progressed into
tension pneumocephalus after nine years.
Conclusion: Tension pneumocephalus may
develop in a delayed manner. Therefore, close
follow-up, early diagnosis and management
of recurrent pneumocephalus are crucial to
prevent morbidity and mortality.
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INTRODUCTION
Pneumocephalus refers to the collection of air in the
cranium, and it occurs due to a traumatic injury or the
iatrogenic violation of the dura [1]. When accumulated air
exerts a mass effect on the adjacent brain parenchyma,
tension physiology may develop and lead to rapid
neurological deterioration or death. Although intracranial
gas is commonly present for a few weeks after craniotomy
[2], the delayed recurrence of pneumocephalus is not
normal and may be fatal. Herein we present a case of
delayed tension pneumocephalus, which developed nine
years after a suboccipital craniectomy.

CASE REPORT
A 27-year-old woman, at 34 weeks pregnancy,
presented with a 1-month history of progressive
unsteady gait. One week before her admission, she had
also experienced blurred vision, intermittent headache,
nausea and vomiting. Upon examination, she presented
with horizontal diplopia and difficulty in tandem gait. In
addition, she had experienced hearing loss in her right
ear over the prior 10 years. Magnetic resonance imaging
(MRI) of her brain performed on November 9, 2007 had
revealed an extraaxial tumor, approximately 5.2×5.1×4.2
cm in size, with heterogeneous signal intensity over the
right cerebellopontine angle region (Figure 1).
She underwent cesarean section at 34 weeks and 4 days
of pregnancy. However, she was drowsy postoperatively.
Obstructive hydrocephalus was considered, and she
received emergent external ventricular drainage on
November 13, 2007. One week later, right suboccipital
craniectomy for tumor removal was performed.
Pathological results confirmed it to be schwannoma.
After two weeks, the patient received ventriculoperitoneal
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shunt for persistent hydrocephalus. The patient’s
neurological status improved, apart from the temporary
postoperative presentation of partial right facial palsy,
and she was discharged after seven days. Because some
residual tumor was noted, the patient received adjuvant
radiotherapy after the surgery.
One year later, the patient’s progressive unsteady gait
recurred. MRI of the brain showed residual tumor with
progression. She underwent a second surgery for tumor
removal in December 2008. Although residual tumor
was still present, the patient was free of symptoms after
the surgery (Figure 2A). A follow-up brain MRI in May
2009 revealed a newly developed pneumatocele (Figure
2B). However, the patient remained both clinically and
radiographically stable (Figure 2C) without evidence of
cerebrospinal fluid (CSF) leakage or signs of infection
during the subsequent 9-year follow-up.
In January 2018, the patient began to suffer from
frequent dizziness and progressive unsteady gait. One
month later, she also experienced blurred vision, headache,
nausea and vomiting. Worsening pneumocephalus with
a focal bony defect over the right mastoid process was
observed in a computed tomography (CT) scan (Figure 3).
Tension pneumocephalus was impressed, and the patient
underwent surgical repair of the skull bone defect and
dura tear. A multilayer reconstruction of the osteodural
defect was performed. We used local fat and muscle, and
collagen matrix to fill the mastoid sinus, and then applied
fibrin glue to seal the defect. Postoperatively, the patient
achieved full clinical recovery.
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Figure 2: (A) Brain MRI (T1 with contrast) after the second
surgery showed residual tumor; (B) Newly developed
pneumatocele was revealed in a brain MRI 1 year after the
second surgery; (C) Brain MRI eight years later showed stable
pneumocephalus.

Figure 3: Brain CT depicted a larger size of pneumatocele to
compress cerebellar verimis and left cerebellar hemisphere, and
a focal bone defect suspected over the posterior aspect of right
mastoid process.

DISCUSSION

Figure 1: Preoperative brain MRI (T1 axial): large extraaxial
inhomogeneous signal intensity tumor over the right
cerebellopontine angle.

Pneumocephalus
is
usually
observed
after
neurosurgical procedures, particularly those involving
the intracranial space, sinuses, orbits, or nasal cavities.
Entrapment of intracranial air can be acute (<72 hours) or
delayed (≥72 hours) [3]. Most intracranial accumulation
of air is asymptomatic and spontaneously absorbed
within 3-4 weeks [2]. Tension pneumocephalus occurs
when intracranial air continues to build-up, leading to a
mass effect or herniation syndrome.
Perioperative tension pneumocephalus was first
described in 1962. Most previous case reports have
described craniotomies involving the posterior fossa
or the cervical spine. Although pneumocephalus
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appears after supratentorial craniotomy in almost all
cases, tension pneumocephalus is observed after only
0.1%–0.2% of craniotomies [4]. Two main mechanisms
underlying the development of pneumocephalus have
been proposed. One is the ball-valve effect, where air
enters through the dura defect when an increase in
nasopharyngeal pressure, such as from a sneeze or cough,
forces air input but not output. Another theory is the
inverted soda bottle effect, which posits that when CSF
lost in excess, negative pressure increases and causes
air to rush in [5,6]. Additionally, an unusual mechanism
may be the production of gas in situ due to infection by
gas-producing organisms [7]. Factors that have been
implicated in the pathogenesis, include nitrous oxide
anesthesia, surgical position of the patient, a functional
ventriculoperitoneal shunt, barotrauma, intraoperative
mannitol administration, and radiotherapy [8,9].
Tension pneumocephalus may manifest with a wide
variety of clinical presentations, such as headache,
dizziness, visual disturbance, agitation, delirium, reflex
abnormalities, focal neurologic deficits, deteriorating
consciousness and even cardiac arrest. Appropriate
treatment for pneumocephalus varies based on severity.
Most cases can be resolved with conservative treatments,
including elevation of the head and avoidance of the
Valsalva maneuver, as well as administration of osmotic
diuretics, analgesics, and antipyretics. Studies have
suggested that administration of 100% oxygen may be
helpful for reabsorption of pneumocephalus [10,11].
However, tension pneumocephalus is considered a
surgical emergency. Treatment options include the
placement of a burr hole, needle aspiration, placement of
a subdural or external ventricular drain, and craniotomy
for decompression and repair of the dura defect.
Pneumocephalus in our patient was incidentally
discovered during a regular follow-up visit one year after
her surgery. Delayed onset of tension pneumocephalus
occurred nine year later. Intraoperative findings
showed small defect of the dura and mastoid sinus
with absorption of the original muscle flap. In addition,
the persistent presence of intracranial gas over years
of follow-up may indicate a constant CSF fistula. The
patient’s delayed neurological decline was probably
related to her craniectomy defect which affords space
for pneumocephalus to collect. When the balance of
intracranial air pressure was disturbed, continued air
entrapment may have caused the mass effect, resulting in
rapid neurologic deterioration. Therefore, similar cases
should receive early management.

CONCLUSION
Tension pneumocephalus is a neurosurgical
emergency. When the recurrent presence of intracranial
air is observed, either conservative or surgical
treatment is necessary to prevent progression to tension
pneumocephalus.
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