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INTRODUCTION
Bony defects of the anterior skull base may arise from several
sources. Blunt force trauma and iatrogenic, surgical trauma
may acutely lead to dehiscences in the skull base with associat-
ed cerebrospinal fluid (CSF) leaks or – less commonly - pneu-
mocephalus. Chronic, erosive processes such as sinonasal
tumors, meningo-encephelocoeles, allergic fungal sinusitis, and
mucocoeles may also result in anterior skull base defects.
Treatments vary, but almost always involve surgical repair of
the skull base defect. 

Defects of the anterior skull base may lead to serious compli-
cations. The broken barrier between the sinonasal and
intracranial cavities may present with CSF leaking out through
the nose, or with air entering into the previously airtight crani-
um (pneumocephalus). These CSF leaks occur in roughly 3%
of all closed head injuries (1). The incidence of iatrogenic CSF
leaks from surgical trauma is thought to be less than 1% (2). It
has, however, been suggested, that occult CSF leaks may occur
in up to 3% of cases although this has not been confirmed (3,4).
In one recent study, 25% of otolaryngologists who responded

to a questionnaire reported causing at least 1 CSF leak during
the previous 5 years (5). 

Pneumocephalus is most common after blunt trauma to the
anterior skull base, and may occur in up to 30% of patients
who suffer skull base trauma (6). Patients with pneumocephalus
have been noted to have a 25% accompanying risk of meningi-
tis (7). It has, furthermore, been postulated that there may be a
close relationship between the presence of a CSF leak and
pneumocephalus in that the egress of CSF creates a pressure
gradient favorable for the ingress of air into the cranial cavity
(8). 

Diagnosis of CSF leaks begins with a high degree of suspicion
particularly in any case of unilateral, clear rhinorrhea. While
most CSF leaks are associated with accidental or surgical trau-
ma (9), tumors, congenital skull base malformations, and
benign intracranial hypertension may also present with CSF
leaks. Once suspicion is present, definitive diagnosis relies on
appropriate laboratory testing. Testing for beta-2 transferrin – a
protein found only in CSF, perilymph, and aqueous humor – is
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both highly sensitive and specific, and requires less than 0.5cc
of nasal fluid for testing (10,11).  More recently, an alternative
test – for beta-trace protein – has been found to be similarly
reliable for the diagnosis of CSF leaks (12-14). These tests will
confirm the presence of a CSF fistula, and rule out more
benign sources of rhinorrhea such as vasomotor rhinitis. 

Diagnosis of pneumocephalus is made with radiological imag-
ing – most commonly computed tomography (CT). In most
situations, small air bubbles are seen intrancranially. On occa-
sion – particularly in cases of tension pneumocephalus – large
volumes of air can be seen along with an associated mass
effect on the intracranial contents. Patients with tension pneu-
mocephalus may present with headache, altered mental status,
and focal neurological findings. While cases of tension pneu-
mocephalus after endoscopic sinus surgery have been docu-
mented, they are very rare (15). In a review of 6,801 sinus proce-
dures May et al. reported not a single case of pneumocephalus
(16).

Left untreated, skull base defects with their associated CSF
leaks and pneumocephalus may set the stage for such compli-
cations as meningitis, intracranial abscesses, and dural sinus
thrombosis.  Meningitis occurs in up to 25% of untreated CSF
leaks, and in 10% of post-traumatic patients within 1 week of
injury (17,18). While the majority of traumatic CSF leaks resolve
spontaneously, up to 10% of these patients will develop menin-
gitis despite the apparent resolution of their fistula. There is
strong data to support the surgical repair of any CSF leak (19) as
a means to prevent meningitis. Moreover, as has also been
recently documented, greater than 20% of patients with
untreated skull base defects present with life-threatening
intracranial complications including meningitis and brain
abscesses (20). 

As noted above, pneumocephalus is a common occurrence
after blunt force or iatrogenic surgical trauma to the skull base.
Once the barrier between the air filled sinonasal cavity, and the
cranium is violated, air may flow into the cranial cavity. In
most instances, however, this retrograde flow is minimal due
to the resistance provided by the intra-cranial contents.
Resolution of pneumocephalus is spontaneous in the majority
of cases. On occasion, however, massive pneumocephalus may
occur and – when it does - usually occurs in the context of ten-
sion pneumocephalus. Tension pneumocephalus may occur
via a “ball-valve” effect in which anatomical distortion lends
itself to air entry into the intracranial cavity without any means
of efflux. An alternative theory is of an “inverted bottle” mech-
anism by which - with the leakage of cerebrospinal fluid – a
negative pressure is created through which air is drawn into
the cavity (21). 

A small number of skull base defects may be complicated by
intracranial abscesses. Patients whose skull base defects are

secondary to endoscopic sinus surgery may have an elevated
risk for abscess, since they – presumably – have bacterial over-
growth in their sinonasal cavity as an indication of their initial
sinus procedure (22). An iatrogenic skull base defect in this con-
text places a focus of contamination in contiguity with the cra-
nial cavity (23). More common, however, are intracranial
abscess that arise after violation of the anterior skull base by an
infected mucocoele caused by blocked sinus drainage from a
fibro-osseus lesion (24-26).  In some cases, the mucocoele may
arise without the presence of an associated lesion, and may
erode on its own through the skull base setting up a nidus for
intracranial infection (27). 

Of the 10 percent of brain abscesses that arise secondary to
direct seeding from trauma or neurosurgical procedure, bacter-
ial sources are variable and include aerobic bacteria such as
Streptococcus milleri, Streptococcus viridans, Staphylococcus
aureus, and beta-hemolytic streptococci, and anaerobic bacteria
such as Bacteroides species. Diagnosis is dependent on a high
degree of suspicion. Headache, fever, vomiting, altered mental
status, seizure, hemiparesis, and cranial nerve signs are con-
cerning for an intracranial process and should be rigorously
investigated (28). While MRI has been found to have greatest
accuracy in the diagnosis of intracranial processes (29,30), CT
may also play a role in the identification of skull base defects
that allow cross-contamination of the sterile brain cavity from
the non-sterile nose and sinuses (31).

As discussed above, once the barrier between the sterile cra-
nial cavity and the non-sterile sinonasal cavity is breached,
meningitis, intra-cranial abscess, and dural sinus thrombosis
are of real concern. In most cases, however, repair of the
defect and re-establishment of a barrier prevent these worri-
some complications. Treatment, as with any abscess, is primar-
ily surgical followed by broad-spectrum antibiotics. Steroid and
anti-seizure medications are also used in most instances (32).
Surgery may be performed by an otolaryngologist, a neurosur-
geon, or a joint approach involving a neurosurgeon and an oto-
laryngologist. The specifics of the repair will vary depending
on the situation. It may be possible to narrow the antibiotic
spectrum based on culture results, however, these patients
have often been on a multitude of antibiotics limiting the utili-
ty of cultures. 

Skull base defect repair may be performed via external, endo-
scopic endonasal, or a combined approach. In the case of an
uncomplicated CSF leak, most repairs are performed via endo-
scopic endonasal approach. Repair materials vary and include
autologous tissue (free mucosal graft, septal cartilage, septal
bone, calvarial bone, abdominal fat), allogenic tissue (cadaveric
iliac crest, Alloderm), and artificial materials and glues (33-35).
While defects larger than 1 cm have traditionally involved the
use of a bone or cartilage graft to support the cranium and pre-
vent a secondary encephalocele (36), many have reported suc-
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cess with soft tissue grafts only in the repair of large skull base
defects (37). In some cases of particularly large defects, surgeons
have opted for the use vascularized local flaps and vascularized
free tissue flaps for skull base repair (38,39). The use of lumbar
subarachnoid drains in similarly controversial and high success
rates have been reported both with and without their use (40).
Repair of uncomplicated pneumocephalus is traditionally per-
formed in the same manner as for CSF leaks.

Tension pneumocephalus is a life-threatening emergency that
requires immediate treatment. Emergent decompression is
performed via neurosurgical techniques – most commonly
burr hole placement and ventriculostomy. Once the emergency
situation has resolved, curative treatment involves closure of
the skull base defect. Lumbar drains should be avoided in
these cases, as they may create a negative pressure gradient
that favors intracranial flow of air from the sinonasal cavity.
Definitive repair has traditionally been via neurosurgical cran-
iotomy approach. Over the past decade, however, endoscopic
endonasal approaches have increasingly been employed (41). 

With proper management, complications of skull base defects
are rare – but may include CSF leaks, pneumocephalus,
meningitis, intracranial abscesses, and dural sinus thrombosis.
The purpose of this study is to review 2 cases of intracranial
abscesses after repair of skull base defects in an attempt to
identify any contributing factors to abscess formation. We also
conduct a review of the literature on this topic.

METHODS
After approval by the Human Investigation Committee, chart
review was undertaken of 2 patients recently treated at the
Vanderbilt University Medical Center (VUMC) Department of
Otolaryngology-Head and Neck Surgery. These 2 patients were
notable for having developed intracranial abscesses shortly
after endoscopic endonasal repair of anterior skull base defects
with associated tension pneumocephalus.  

RESULTS
Case 1
Patient 1 is an otherwise healthy 9 year old boy who suffered
multiple injuries during a motor vehicle accident including a
closed head injury, bilateral frontal lobe contusions, subarach-
noid hemorrhage, splenic inury, pneumothorax, and femur,
ankle, and wrist fractures. Facial fractures include bilateral com-
minuted displaced naso-orbital ethmoid fractures, and bilateral
Le Fort I and Le Fort II fractures. On Post-trauma day 1 the
patient was taken to the operating room by the neurosurgical
service where the depressed frontal bone fracture was elevated
and repaired. Mid-face fractures were repaired by the Plastic
Surgery service. The patient had a favorable recovery and was
discharged on post-trauma day 30. He returned for routine fol-
low up in the neurosurgery clinic on post-trauma day 49 com-
plaining of recent onset of headaches and unilateral clear rhin-

orrhea. Computed tomography (CT) scan demonstrated mas-
sive left-sided pneumocephalus (Figure 1). The patient was
taken the following day to the operating room by the VUMC
Otolaryngology service where endoscopic repair of a 10 x 15
mm anterior skull base defect was performed using standard
underlay and overlay techniques. The patient was then dis-
charged on post-operative day 5 after an uneventful hospital
stay. He then represented to the Emergency room 51 days after
the endoscopic repair of his skull base defect with never, nau-
sea, and vomiting. CT scan revealed a 6cm left-sided frontal
lobe abscess (Figure 2). Neurosurgical drainage via endoscopic
aspiration produced approximately 100cc of purulence which
grew Methicillin resistant staphylococcus aureus (MRSA) in
culture. Treatment consisted of a 12 week course of van-
comycin, rifampin, and metronidazole. At 12 week follow-up,
the patient had made a significant clinical recovery, and CT
demonstrated near-resolution of the abscess (Figure 3). 

Case 2
Patient 2 is 46 year old woman referred to VUMC 15 days after
septoplasty and functional endoscopic sinus surgery complicat-
ed by intra-operative violation of the anterior skull base and
resultant cerebrospinal fluid (CSF) leak. The skull base pene-
tration was recognized at the time of surgery, and repair was
undertaken by the otolaryngologist with neurosurgical assis-
tance and placement of a lumbar subarachnoid drain. The

Figure 1. This axial CT scan demonstrates the presence of significant

intracranial air (pneumocephalus). 



290 Becker and Russell

patient was then discharged after an uneventful 7 day hospital
stay, only to return several days later with unilateral rhinorrhea
and headaches. CT demonstrated massive right-sided (tension)
pneumocephalus (Figure 4). Surgical repair at VUMC of a 12 x
25 mm skull base defect was performed via standard underlay
and overlay techniques. As in Case 1, carved cadaveric iliac
crest bone was used as the primary support for the underlay
graft. The patient was then discharged on post-operative day 3
after an uneventful hospital stay. 4 days later the patient
returned to clinic doing well; CT demonstrated resolving
pneumocephalus. The patient then presented to the VUMC
emergency room with fever, chills, night sweats, and headache
68 days after her skull base repair at Vanderbilt. MRI demon-
strated a 3 cm right frontal lobe abscess. Neurosurgical
drainage of gross purulence was performed via an open
approach during which the previously placed skull base repair
was removed and a pericranial flap was laid down. Although
cultures from the abscess demonstrated no growth, treatment
was continued with 8 weeks of Vancomycin, Cefepime, and
Metronidazole. The patient was discharged 5 days after her
abscess drainage, but returned 11 days later with CSF leakage.
She was taken back to the operating room by the neurosurgical
service for revision of her pericranial flap. At 2 month follow
up after this revision, she was clinically well with no signs or
symptoms of CSF leak or intracranial infection. MRI showed
continued resolution of her abscess.

Figure 2. In this axial CT (soft tissue windowing) taken 51 days after

the image in Figure 1, the patient has developed a ring-enhancing

abscess at the site of the former pneumocephalus.

Figure 3. After surgical and medical management, the abscess seen in

Figure 2 has almost completely resolved. There is slight residual

edema apparent on this axial CT image.

Figure 4. A right sided skull base defect and massive pneumocephalus

are apparent on on this coronal CT image.
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DISCUSSION
When an intracranial abscess occurs in association with a skull
base defect, neurosurgical involvement is imperative and often
involves otolaryngologists for defects that are favorably located
for an endoscopic approach. Abscess drainage will most com-
monly involve an external approach – usually craniotomy. In
some cases, as in Case 1 described in this paper, drainage may
be via an externally based endoscopic approach. As with non-
tension pneumocephalus, lumbar drains should be avoided. 

Both patients in our study suffered the formation of intracra-
nial abscesses months after the occurrence of skull base
defects, one from blunt trauma, the other from surgical trau-
ma. Management of skull base defects is common at our insti-
tution. In a recent review (unpublished data) of 41 endoscopic
endonasal repairs of skull base defects, there were no major
complications other than these 2 described. These 2 patients
stand out both for their abscess formation several months after
their initial trauma, as well as for the presence of pneumo-
cephalus. It is in this context that we suggest that these 2
processes may be related. 

Massive sustained pneumocephalus – as was present in both of
these patients – leads to compression of the intracranial con-
tents within the rigid cranium. As with any organ, sustained
compression leads to ischemia, and ischemia leads to micro-
necrosis which is a favorable environment for development of
an intracranial abscess. Moreover, in these patients with mas-
sive pneumocephalus and violation of the anterior skull base,
the sterile brain cavity has been contaminated by the non-ster-
ile sinuses. An ischemic, traumatized contaminated environ-
ment whose primary defenses (the barrier between the sterile
brain and the non-sterile sinuses) have been compromised
may be an ideal situation for slow abscess formation. 

Our findings suggest that it may be prudent to closely examine
patients with massive pneumocephalus for any signs or symp-
toms of intracranial infection. In addition to the standard sinus
CT, contrasted MRI or CT imaging may be of use in the post
operative evaluation of these patients.” These observations,
however, are not conclusive, and warrant further investigation.
An animal model is planned to investigate the role of massive
pneumocephalus on intracranial abscess formation. In the
meantime, until further data can be collected, we would sug-
gest that patients with massive pneumocephalus in the context
of skull base defects be followed with heightened suspicion for
formation of intracranial processes.

CONCLUSION
Intracranial abscess formation, traumatic skull base defects,
and massive pneumocephalus are uncommon entities which
may be associated. It may be prudent to have heightened sus-
picion for the presence of intracranial abscess formation in
patients with massive pneumocephalus secondary to anterior

skull base trauma. MRI, or contrasted CT imaging may be of
use in the evaluation of these patients.
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