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ABSTRACT

Background: Pneumocephalus (PNC) is a well-described consequence in postoperative settings and skull fractures
that is usually self-limiting. It can get complicated into tension PNC on some rare occasions, leading to an intracranial
mass effect. PNC was also reported after unintentional dural puncture throughout the epidural anesthesia
process. However, tension PNC resulting from epidural anesthesia procedures is an extremely rare outcome that
implies urgent intervention to relieve the tension within the brain. Here, we report a case of an extensive tension
intraventricular PNC 2 days following an epidural anesthesia procedure for a femur fixation surgery.

Case Description: A 23-year-old male presented to the emergency department with basal skull fractures and
a femur fracture due to a motorcycle accident. His skull base fracture was managed conservatively then he
underwent a femur fixation procedure under epidural anesthesia. Two days after, he developed a severe headache
with a disturbed level of consciousness. Computed tomography of the brain revealed an extensive PNC that
involved all the subarachnoid spaces down to the cervical region and compressing the cerebellum, which was not
found in the initial imaging. The patient’s status improved after the twist-drill burr-hole evacuation of air under
the water seal.

Conclusion: Extensive tension PNC can occur after traumatic brain injury, especially after epidural anesthesia.
Such cases should gain high focus because they may differ from simple PNC regarding diagnosis, treatment, and
follow-up.

Keywords: Epidural anesthesia, Intraventricular aerocele, Pneumocephalus, Traumatic brain injury, Tension
pneumocephalus

INTRODUCTION

Pneumocephalus (PNC) is defined as the asymptomatic existence of air inside the cranium,
including any of the epidural, subdural, subarachnoid, intracerebral, or intraventricular
compartments.®! It is a usual finding following trauma and surgical procedures.”) However,
symptomatic PNC, better known as Tension PNC, is a life-threatening condition requiring
urgent intervention due to the intracranial mass effect.’”? Tension PNC, although extremely rare,
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could be a severe complication of unintended dural puncture
and injection of air inside the subarachnoid or the subdural
spaces throughout the epidural anesthesia process.!”
Tension intraventricular PNC, on the other hand, is a rare
type of intraventricular PNC.!"* It is reported in the literature
as a complication of cerebrospinal fluid (CSF) diversion
procedures or excision of ventricular tumors.®'” This type of
complication after spinal procedures is an unfamiliar clinical
entity.

Here, we report a case of an extensive tension intraventricular
PNC 2 days following an epidural anesthesia procedure for a
femur fixation surgery.

CASE DESCRIPTION

A 23-year-old male presented to the emergency department
after encountering a motor vehicle accident that resulted in a
skull base fracture and fracture in the right femur. The patient
received conservative care at the neurosurgical unit and was
discharged in good condition. Afterward, the patient was
referred to the orthopedic unit, where he underwent a femur
fixation procedure using epidural anesthesia. The procedure
was completed without any remarkable events.

Two days after, the patient developed a severe headache and
disturbed level of consciousness; Glasgow Coma Scale (GCS)
scored 11/15 (E3, V4, M4), with vomiting and irritability.
Computed tomography (CT) of the cranium revealed a huge
intracranial aerocele, including lateral, third, and fourth
ventricles extending to the cervical subarachnoid spaces
[Figure 1]. Under general anesthesia, 2 cm anterior to the
coronal suture, and 3 c¢cm off-midline (Kosher’s point), a
twist drill burr-hole was made to evacuate the air, followed
by an under-water sealed external ventricular drain with
repositioning of the head to mobilize the entrapped air

%
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Figure 1: Computed tomography scan of the head
(axial view) reveals a large collection of intracranial air
in all the cerebral ventricular system.
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further. The 3-h postoperative CT scan [Figure 2] showed
progressive filling of the fourth ventricle, cisterns Magna, and
the upper cervical subarachnoid spaces. A second CT scan
[Figure 3] 8-h postoperation was done and it showed the CSF
filled the third and lateral ventricle. Prophylactic antibiotics,
including 1 g of a third-generation cephalosporins twice
daily, were administered during hospitalization.

The patient’s symptoms improved eventually as the follow-up
CT scans confirmed the gradual resolution of the PNC, and
the headache was relieved, while GCS scored 15.

DISCUSSION

The most frequent cause of PNC is trauma, mainly basal skull
fractures. Other causes include tumors, infections such as

Figure 2: Computed tomography scan of the head
(sagittal view), 3-h postoperation shows reduced
pneumocephalus intracranially.

Figure 3: Cranial computed tomography scan (sagittal
view), 8-h postoperation shows subsequent reduction of
the pneumocephalus.
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meningitis and abscess, CSF fistula, nitrous oxide anesthesia,
and open brain surgeries. Meanwhile, the causes of PNC
originating from the spine include trauma, tumor, and spine
infection, and rarely, spinal surgeries and dural tears induced
by spinal operations such as lumbar puncture and epidural
injections are among the causes.” On the other hand,
intraventricular PNC is a rare type of PNC that is usually
reported after CSF shunt procedures in the form of small
volumes of air, and they are often a self-limiting condition
that does not require intervention and resolves at a rate of
25% per week.!"!! Tension intraventricular air is a rare yet, life-
threatening clinical complication. This report presents a case
of a large-volume tension PNC involving all the ventricular
systems following an epidural anesthesia procedure.

Epidural anesthesia is generally considered a safe and easy-to-
perform procedure with a low prevalence of complications.
The method is similar to a lumbar puncture, except that the
needle is fixed before the dura is punctured.’® There are two
techniques to locate the epidural space, the loss-of-resistance
to air (LORA) and the loss-of-resistance to saline (LORS).”
Although the method of choice remains controversial, some
papers reported a tendency toward using saline.**! The
anesthesiologists in our case utilized the LORA technique
to locate the epidural space; the procedure was completed
uneventfully.

Possible complications of the LORA technique are dural
puncture which could be with or without postdural
puncture headache, PNC, spinal cord and nerve
root compression, subcutaneous emphysema, and
air embolism." A study done on 3730 patients who
received epidural anesthesia for acute or chronic pain
revealed that the incidence of headache after inadvertent
dural penetration while using the LORA technique
was significantly higher than while using the LORS.!
Moreover, the clinical picture of tension PNC is similar to
that of increased intracranial pressure, such as headaches
with vomiting, deterioration of consciousness, seizures,
and memory confusion.! Similarly, our patient presented
with severe headache, an impaired level of consciousness,
and vomiting 2 days after undergoing epidural anesthesia
for a femur fixation procedure.

There were multiple cases in the literature reporting PNC
after epidural procedures in different parts of the brain,
including the ventricles.”*!>* In most of these cases, oxygen
therapy is the treatment of choice, where the patient receives
100% of oxygen through a face mask to help resit nitrogen
and reduce intracranial air volume.!"” However, in another
case,”! the patient had an extensive collection of intracranial
air and decreased consciousness, which implied the surgical
approach. An additional case reported an extensive PNC
after a diagnostic lumbar puncture and a recent history of
skull fractures; the patient was urgently treated with saline

infusion through two frontal burr-holes.'” Similarly, in
our case, the brain CT scans of the patient showed large
volumes of air filling the cerebral ventricular system and
compressing the cerebellum, in addition to a disturbed level
of consciousness. Therefore, urgent surgery was done to
evacuate the air.

Two theories describe air’s pathophysiology within the
skull.!® The first is “the inverted soda bottle mechanism,”
which describes a decrease in the intracranial pressure caused
by a continuous CSF leakage that results in air being drawn
in by an existing dural defect, through which the pressure
returns to its normal level. The second theory is “the ball
valve mechanism,” which describes air being forced into the
cranjum through a dural defect during pressure-increasing
moments such as coughing or nose blowing.*"!

We assume that our case falls within the second theory. The
ball valve mechanism was noted during the LORA procedure
since neither CSF leakage nor CSF flashback. A previous
paper suggested that in the absence of visible evidence of
dural taps, such as no CSF flashback, the air enters the head
either through an unidentified dural puncture or a dural
defect in the lumbar area and subsequent arachnoid tear." It
is said that using saline instead of air in the loss of resistance
technique will prevent air injection into the subarachnoid
space.!

In summary, this case report describes a rare yet severe
complication of PNC, possibly due to epidural anesthesia or
a basal skull fracture. An immediate procedure was done to
evacuate the air from the brain since ithad a compressive effect
on the cerebellum and caused neurological deterioration.
Cases of tension PNC in the literature are scarce; only a few
have been reported after epidural anesthesia, and fewer were
of this extensive size.

CONCLUSION

Extensive tension PNC can occur after traumatic brain injury,
particularly after epidural anesthesia. These cases should gain
high focus because they may have different management
strategies from simple PNC cases.
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The views and opinions expressed in this article are those of the authors and do not necessarily reflect the official policy
or position of the Journal or its management. The information contained in this article should not be considered to be
medical advice; patients should consult their own physicians for advice as to their specific medical needs.
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