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a b s t r a c t 

Three months following a craniectomy and cranioplasty indicated for intraperenchymal 

hemorrhage, a 74-year-old male suffered a cerebrospinal fluid leak complicated by delayed 

tension pneumocephalus and declining neurologic status demonstrating a particularly rare 

complication of neurologic trauma and surgery. While with symptoms of a space occupy- 

ing mass is the most common presentation, the patient presented cerebrospinal fluid leak 

prompting CT imaging and diagnosis. Urgent surgical decompression is necessary and was 

performed resulting in improved mental status. 

Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Pneumocephalus is a common benign finding following cran-
iotomies and is managed conservatively [1] . However, ten-
sion pneumocephalus (TP), defined by the accumulation of in-
tracranial air producing mass effect under tension resulting in
neurologic deterioration, is a neurosurgical emergency requir-
ing prompt decompression in order to prevent rapid deterio-
ration, herniation, and death [2,3] . Although rare and reported
to occur in only 0.1%–0.2% of all craniotomies, it is important
to recognize and treat TP, as the management of benign post-
operative pneumocephalus and TP differ greatly [2] . Although
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most cases are early onset (occurring within 7 days) follow-
ing craniotomy, delayed onset (occurring after 7 days) can oc-
cur months or even years following surgical intervention [2–
4] . This patient presented with cerebrospinal fluid (CSF) leak
complicated by delayed TP and declining neurologic status 3
months following craniectomy. 

Case report 

A 74-year-old male with a past medical history significant for
Parkinson’s disease suffered a ground level fall resulting in in-
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Fig. 1 – Axial noncontrast CT (NCCT) head at the level of the 
midbrain demonstrating large amount of extra-axial air 
resulting in midline shift. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – Axial NCCT head at the level of the lateral ventricles 
demonstrating large amount of extra-axial air resulting in 

midline shift. 

Fig. 3 – NCCT head coronal reformat demonstrating a bone 
defect in the floor of the right anterior cranial fossa which 

communicates with the right frontal sinus. 

 

 

 

 

 

 

 

 

 

traparenchymal hemorrhage requiring craniectomy, followed
by cranioplasty 3 months later. Although initially recovering
well, he was brought back to the hospital complaining of “liq-
uid leaking from his nose,” later confirmed to be CSF with a
positive beta-2 transferrin test. He was in stable condition,
but subsequently admitted to the intensive care unit for man-
agement of his CSF leak. On hospital day 2, he developed a
rapid decline in his neurologic status with increased somno-
lence. A head CT was then performed, showing a large amount
of extra-axial air and associated mass effect, concerning for
TP. Additionally, a bone defect was discovered along the an-
terior margin of the craniectomy, which communicated with
the right frontal sinus. A burr hole and pressure bolt were
quickly placed, followed by serial pressure releases. The pa-
tient’s mental status gradually improved and the pressure bolt
was removed on hospital day 4. Unfortunately, the patient’s
hospital course was later complicated by infection requiring
removal of his cranioplasty plate, whereby simultaneous cor-
rection of his CSF leak was performed. He remained in the in-
tensive care unit for treatment of his infection until medically
stable, when he was discharged back to his skilled nursing fa-
cility for further recovery. 

Discussion 

TP is a rare potentially life-threatening complication follow-
ing craniotomies and head trauma. It can present in either
the early or delayed postoperative/posttraumatic period. The
majority of cases occur secondary to trauma, with a variety
of other etiologies as well [1–4] . Additional important causes
include shunt procedures and craniofacial surgery (in partic-
ular skull base surgery, endoscopic sinus surgery, and sub-
dural hematoma evacuation), with less likely causes includ-
ing spinal anesthesia, infection (meningitis and abscess with
gas producing organisms), tumors, and radiotherapy. Known
pneumocephalus can become under tension with increased
altitude or N 2 O anesthesia [2–4] . 

The development of TP requires both an abnormal path-
way for air to enter the cranium and an additional factor
promoting air inflow [2] . Two primary mechanisms are pro-
posed: the “inverted soda bottle phenomenon,” whereby a
continuous CSF leak produces negative intracranial pressure
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and allows for the accumulation of air replacing the fluid, and
the “ball-valve mechanism,” whereby air enters the cranium
through a defect whenever extracranial air pressure exceeds
intracranial air pressure (such as from sneezing), and the exit
of air is prevented by overlying tissue [4] . This aberrant air
can accumulate in any intracranial compartment, with the
subdural compartment being most common [3] . 

The clinical symptoms are similar to those of a space occu-
pying mass, which can be variable but primarily manifest with
headache, vomiting, confusion, and lethargy [2–4] . Neurologic
findings may include hemiparesis, cranial nerve palsies, and
aphasia. If unrecognized, TP may progress to herniation, coma,
and death [3] . 

CT is the gold standard to confirm clinically suspected TP.
In contrast to benign pneumocephalus, TP will demonstrate
mass effect on the underlying brain. Most commonly, subdu-
ral air separates and compresses the frontal lobes, widening
the interhemispheric space between the frontal lobe tips re-
ferred to as the “Mt Fuji” sign. Further, subdural air rupturing
through the subarachnoid membrane referred to as the “air
bubble sign” is indicative of tension [4] . The appearance, how-
ever, is varied depending on the location and quantity of air,
with the end result being mass effect and herniation similar
to that seen with extra-axial hemorrhage and other masses. 

Although several immediate therapies (such as adminis-
tration of highly concentrated oxygen and placement in the
Fowler position of 30 °) can be provided to alleviate symptoms,
urgent surgical decompression is critical [4] . CT may assist
with placement of the intracranial device for air evacuation
[4] . The combination of clinical and CT findings, along with
rapid air escaping during intervention and improved neuro-
logic status confirms the diagnosis [4] . However, once the air
is evacuated, any dural defect which may have allowed air to
enter the cranium must be repaired, as this is the only way
to definitively resolve the condition [2] . Prognosis is relatively
good if the condition is recognized early ( Figs. 1-3 ). 
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