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Abstract
Introduction: Giant frontal mucocele (GFM) is an extremely rare cause of frontal lobe syndrome. Subdural
empyema (SDE) is an uncommon complication of
paranasal sinisutis, for which craniotomy and decompressive craniotomy are the most effective surgical procedures.
Case report: A 54-year-old man was brought unconscious to the Emergency Room where recurrent generalized seizures occurred. Heroine abuse, HCV related
hepatitis, prolonged antibiotic therapy for treatment of
purulent rhinorrhea, along with recent personality
changes, was reported. High white blood cell count,
pansinusitis, GFM, SDE and cerebritis were documented.
The patient underwent bifrontal craniotomy in emergency,
extensive drilling of the inner aspect of the frontal bone,
surgical toilette of the enlarged frontal sinus and its “cranialization”. Prevotella intermedia and Fusobacterium
nucleatum were isolated and antibiotic therapy was
started intravenously and then continued orally for three
months. Two years later the patient has recovered, though
minor signs of frontal lobe syndrome persist.
Discussion: To the Authors knowledge this is the first
case of GFM with SDE reported in the literature.
Although decompressive craniectomy is advocated in
extreme conditions, as in this case, “internal decompressive craniectomy”, obtained with craniotomy and
cranialization of the frontal sinuses, is strongly advocated
in cases of SDE associated with megasinuses.
Key words: Mucocele; subdural empyema; internal
decompressive craniectomy.

Introduction
A mucocele is an epithelium lined mucus containing sac, which usually develops when the ostium of
paranasal sinus becomes obstructed by chronic
sinusitis, polyps or bone tumours. Impediments to
sinus ostium ventilation are thought to be the princi-

pal cause of formation, resulting from anatomical
obstruction, mucosal hyperplasia, mass lesion or
other mechanical factors. Mucoceles can erode
through the surrounding bone and spread intracranially (1). Surgical treatments include endoscopic
sinus surgery and craniofacial approach with or without sinus obliteration (2, 3). Mucocele invasion of
the orbit and anterior cranial fossa requires an aggressive approach to avoid ophthalmologic or neurological complication. In this paper, we report a
case of a giant fronto-ethmoidal mucocele extending
into the intracranial region and producing a subdural
fluid collection consistent with empyema, associated
with mass effect and overlying soft tissue swelling
secondary to cerebritis. “Internal decompressive
craniectomy with craniotomy”, never described as
alternative procedure to the classic decompressive
craniectomy, was performed along with prolonged
antibiotic therapy.
Case report
A 54-year-old man was brought unconscious to
the Emergency Room, where recurrent generalized
seizures occurred. The patient presented with
insidious onset of a progressive enlarging bony,
cosmetically unacceptable, forehead swelling without proptosis. Injection drug abuse (heroine), HCV
related hepatitis, prolonged antibiotic therapy for the
treatment of a purulent rhinorrhea in mucocele,
along with recent personality changes, were reported.
A high white blood cell count was consistent with
infection (white blood cell count was 22.000/ microl
with 26% band forms, 48% segmented neurtrophils
and 10% lymphocytes).
MR Imaging and CT scans documented extensive
pansinusitis along with a giant frontal sinus
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FIG. 1. — A-B: Coronal and sagittal post-contrast T1-weighted
images documenting the frontal mucococele, that has eroded the
posterior wall of the frontal sinus, with a resulting subdural
empyema and signs of cerebritis. C: Intraoperative view of the
giant frontal sinus filled with pus.

mucocele (GFM), subdural fluid collection consistent with empyema (SDE), associated with mass effect and overlying soft tissue swelling consistent
with cerebritis (Fig. 1A-B). The patient underwent a
bifrontal craniotomy in emergency with transverse
opening of GFM bilaterally (Fig. 1C). A huge breakthrough on the posterior wall of the frontal sinuses
was evident bilaterally (left more than right site)
along with bilateral subdural empyema and cerebritis, more consistent on the left site. Suction of the
fluid collection, surgical removal of the debris, local
irrigation with saline and wide spectrum antibiotic
(Ceftriazone 2 mg in 100 saline) was performed in
the subdural space. A bifrontal cerebral herniation
due to the cerebritis and brain swelling was evident.
Therefore a complete removal of the posterior wall
of the giant frontal sinuses by using high-speed
pneumatic drill and meticulous surgical remodelling
of the inner table of the frontal bone were performed;
this procedure permitted to gain at least 1 cm
frontally. Removal of the flogistic sinus mucosa,
local bipolar cauterization, sinus filling with gelfoam
and antibiotics (Ceftriazone 2 mg in 100 saline)
along with its “cranialization” with wide dural patch
and muscle, Gelfoam and Fibrin glue were performed on the frontal sinus. Intravenously wide
spectrum antibiotics were administered intraoperatively (Ceftriazone 2 mg).
Gram stain of the SDE showed many polymorphonuclear white blood cells along with two different microbic agents: Prevotella intermedia and
Fusobacterium nucleatum. HIV seroconversion testing was negative. Etiologic antibiotic therapy with

FIG. 2. — A, B: Post-operative axial and sagittal post-contrast
T1-weighted images documenting no disease recurrence and the
frontal lobes injury sequelae. C, D: Immediate postoperative
axial CT scan with 3D reconstructions showing the profiles and
key holes of the internal decompressive craniectomy with craniotomy along with the brain swelling adaptation to the new internal space.

amoxicillin and clavulanate potassium (6 g/day)
along with metronidazole (2 g/day) was administered intravenously two days after surgery for 7 days
and then continued orally for 3 months. The patient’s
neurological conditions immediately improved after
the surgical procedure and he was discharged with
antiepileptic drug therapy (Phenobarbital 150 mg
daily). Post-operative MR Images showed the absence of disease recurrence and frontal lobes injury
sequelae (Fig. 2A-B), sagittal CT scans with 3D reconstructions demonstrated the profiles and key
holes of the internal decompressive craniectomy
with craniotomy along with the brain swelling adaptation to the new internal space (Fig. 2C-D).
Two years later the patient has recovered, though
minor signs of frontal lobe syndrome persist.
Although no seizures occurred in the last two years
the patient continued antiepileptic drug with lower
dosage (Phenobarbital 100 mg daily) and then
progressively discontinued. At the latest follow up
the patient is seizures free.
Discussion
We will focus on three topics in the discussion of
this case report: the GFM, the SDE and the surgical
therapy of GFM complicated by SDE.
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GIANT FRONTAL MUCOCELE
Rollet first used the term mucocele in 1896 (4).
The GFM is a benign entity caused by retention of
mucous secretions in the frontal sinus. Among the
facial sinuses it is the most frequent compared to the
ethmoidal, sphenoidal and maxillary; it usually
occurs during the third and forth decades of life and
its incidence is similar for both genders (4).
Accumulation and retention of mucous secretions in
a sinus can be caused by different factors. For this
reason primary or secondary paranasal sinus mucoceles have been described. For the formation of primary mucoceles, inflammatory blockage of mucus
drainage, secretory duct obstruction, cystic dilation
of mucosal glands, and cystic degeneration of polyps
were proposed to be the possible mechanism (5, 6).
For the secondary mucoceles, sequestering of residual mucosa in the wound and long-term retention of
tissue fluid were advocated to lead to their formation (6, 7). Therefore our case can be described as a
primary mucocele. Primary or secondary sinus mucoceles have different patterns of aggressiveness regarding orbital or cranial extension (8).
GFM may expand and erode the surrounding
structure such as bones and cerebral parenchyma,
causing intense headache (9). More rarely GFM can
cause frontal lobe syndrome (10) and transient motor
dysfunction. Fu et al. reported 3 cases with intracranial extension out of 19 cases of primary frontal
mucoceles, but no cases of intracranial extension in
16 cases of secondary frontal mucoceles (8). An
associated subdural empyema has never been
described.
Usually GFM invades intracranial spaces eroding
the posterior wall of the frontal sinus, causing
meningitis, meningoencephalitis, pneumocephalus,
brain abscess, seizures or CSF fistula (11). On the
other hand, intracranial extension of frontal sinusitis
is often not a direct spread through frontal sinus’
posterior wall erosion, but it is more commonly a
retrograde thrombophlebitis via the valveless diploe
veins, facilitated by the shared venous drainage of
sinuses and intracranial structures (12). The diagnosis of mucocele is based on the history, physical examination and radiological findings. CT scans and
MR Images are effective in detecting the lesion and
in demonstrating any intracranial extension. Mucoceles can be hyperdense or hypodense on CT, although brain and mucocele densities are usually
equal. On T1-weighted MRI, the lesion can appear
either homogeneous or heterogeneous, and different
signal patterns (such as hyper-, hypo-, and isointensity) can be appreciated as well (9, 13, 14).

Surgical treatment of GFM includes excision,
skull base dural plastic and wide opening of the
frontal sinuses by using intranasal endoscopic approach and/or frontal craniotomy (15). Some surgeons advocate two stages surgical therapy to avoid
infections and facilitate radical excision of the mucoceles, otherwise single stage surgery has been
more commonly recommended due to the availability of antibiotics and fibrin glue sealants (4, 16).
SUBDURAL EMPYEMA
A suppurative intracranial infection such as SDE
is an uncommon potential life threatening complication of sinusitis, representing fewer than 10% of the
intracranial complications (12, 17, 18, 19).
The frontal sinus is the most common sinus associated with intracranial infection, followed by the
ethmoidal, sphenoidal, and maxillary sinuses (20).
The maxillary, ethmoid, sphenoid, and frontal sinuses all share thin bony walls with the orbit and the
cranium.
The SDE is a surgical emergency. Although SDEs
as intracranial complications of sinusitis are rare, the
morbidity and mortality remain high. It is therefore
necessary to diagnose and treat intracranial infections
promptly. A SDE usually presents as an insidious
process. Early symptoms are usually non-specific.
The most common presenting clinical features are
indirect and dealing with purulent rhinorrhea,
headache and fever. Patients with frontal sinusitis
demonstrating persistent fever, forehead swelling or
failure of resolution of symptoms warrant radiological evaluation to look for silent intracranial involvement, even in the absence of intracranial signs (21).
Unless diagnosed early, the condition can progress
rapidly, leading to neurological deterioration due to
the infection and to the secondary intracranial hypertension. The delay in diagnosis is mainly due to the
non-specific initial presenting symptoms.
CT scan is the diagnostic imaging modality of
choice. It confirms the presence and delineates the
extent of the intracranial involvement. The classic
appearance of SDE on a CT scan is a thin lowdensity collection over the cerebral convexity or in
the interhemispheric fissure that has a rim of contrast
enhancement (22, 23, 24). A CT scan with contrast
is usually sufficiently sensitive to detect a SDE. In
cases where the clinical condition suggests such
complications, a negative CT scan does not rule them
out and MRI should be obtained (25).
The cultures from frontal sinusitis with complications frequently reveal polymicrobial involvement.
Streptococci, staphylococci and anaerobic bacteria
are the predominant pathogens. Anaerobic strepto-
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cocci have been shown to be the most common microorganisms isolated in SDE (12, 26, 27, 28). On
the contrary, Prevotella intermedia and Fusobacterium nucleatum (both involved involved in
odontal and parodontal pathologies) were isolated in
our case (29, 30, 31, 32, 33, 34).
Recurring subdural empyema, despite adequate
surgical drainage and antibiotic treatment, is still a
life threatening disease; this is mainly due to poor
diffusion of the antibiotics into the subdural space
(35). In our opinion a radical and effective medical
and surgical treatment is strongly advised in “one
staged procedure”.
SURGICAL THERAPY: THE ROLE OF INTERNAL
DECOMPRESSIVE CRANIECTOMY WITH CRANIOTOMY
Several treatment options are available and the
choice depends on the extension degree. Surgical
treatments of frontal mucoceles include endoscopic
sinus surgery and craniofacial approach with or without sinus obliteration (2, 3). Mucocele invasion of
the orbit and anterior cranial fossa requires an aggressive approach to eradicating the lesion. Some authors believe that an intranasal approach is the first
choice, even in patients with intracranial extension
(36). They argue that this approach is less invasive
and they emphasize the possibility that the lesion can
be diagnosed and completely removed without craniotomy. On the other hand, Delfini et al prefer a transcranial approach for anterior mucoceles with
intracranial extension to ensure complete removal
and to prevent recurrence (37).
In our opinion, intranasal approach can be used
when the lesion is confined to the paranasal sinuses.
In cases of primary giant frontal mucoceles, the risk
of intracranial involvement is high, therefore a transcranial approach can achieve complete removal of
the mucocele with wide exposure, good cosmetic result, avoiding possible relapses (26). In cases of
FGM complicated by subdural empyema, as in our
case, among the possible extensive surgical strategies, craniotomy is the most effective surgical procedure, although the so called decompressive
craniectomy is also advocated in some conditions to
reduce the intracranial hypertension (38, 39).
Our experience highlights the use of an internal
remodelling cranioplasty consisting of surgical removal of the expanded thinned out outer table of the
frontal sinus (that must be obliterated) in order to restore the internal contour of the forehead, so allowing a new frontal swelling lobe adaptation to the new
gained intracranial space.
We call frontal “internal decompressive craniectomy with craniotomy” a wide bicoronaric bone flap,

with frontal sinus all-embracing complete drilling of
the inner wall. Suction of the fluid collection in the
subdural space, surgical removal of the debris, local
irrigation with saline and wide spectrum antibiotics
and, mostly, decompression of the brain swelling, are
effectively allowed by this approach.
In our case the complete removal of the posterior
wall of the giant frontal sinuses allowed us to gain
precious space for the surrounding brain, consisting
of at least 1 cm or more frontally and producing the
same “functional” biomechanical effect of the well
known classic frontal “decompressive craniectomy”,
with consistent reduction of intracranial pressure and
immediate neurological improvement.
Finally the “cranialization” with wide dural patch,
muscle, gelfoam and fibrin glue of the bottom and
the anterior wall of the sinus, allows anatomical and
functional separation between the brain and the
paranasal environment.
Differently from the decompressive craniectomy,
which is a double stage procedure, the “functional
decompressive craniectomy with craniotomy” is one
stage surgery with all the related advantages: 1) less
anaesthetics administration; 2) less overall duration
of the operating procedure; 3) less bleeding or cortical brain injury secondary to manipulation of chronic
local flogistic reorganization.
Conclusions
To the Authors knowledge this is the first case of
GFM with SDE reported in the literature.
Concerning the GFM, since the primary goals of
surgery are to eradicate the mass, with minimal
morbidity and to prevent recurrence, several factors
must be considered before deciding the surgical
approach. The exposition of the mass must be wide,
the cosmetic outcome must be satisfactory and the
reconstruction of the region must be completed in
one stage. During preoperative evaluation, CT scans
and MR images are essential in assessing the presence and the nature of the above mentioned lesions.
Because the orbit is the most frequently affected
region, early drainage must be performed to avoid
possible damage to the orbit with secondary visual
impairments.
Despite improvements in antibiotic therapies, sinusitis still carries a risk of serious and potentially
fatal complications. Aggressive search for complications and early intracranial imaging are the most important factors for the early diagnosis of SDE. The
possibility of SDE or brain abscess should be considered when evaluating a patient with severe
headache, rhinorrhea and fever, particularly if there
is a history of recent sinus or otitic infection.
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Although rare, the clinical course of SDE is fulminating and potentially life-threatening, unless treated
promptly with surgery and appropriate intravenous
antibiotics.
Moreover, as in our case, in patients with excessive intracranial involvement, in whom drainage is
insufficient, the lesion might be removed through a
wide craniofacial approach. The “internal decompressive craniectomy with craniotomy” with cranialization of the frontal sinuses is consistent with wide,
stable and immediate decompression.
Cooperation among the otorhinolaryngologist,
neurologist and neurosurgeon is critical in the preoperative assessment.
Early recognition and treatment are essential to
reduce subsequent morbidity and mortality.
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