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Introduction

Crouzon syndrome is a craniofacial dysostosis characterized
by a triad of premature craniosynostosis, exophthalmos, and
midface hypoplasia.1 The condition is estimated to occur in
approximately 16 per million newborns and is the most

common craniosynostosis syndrome.2 LeFort III advance-
ments have been widely used to address several issues
related to midfacial hypoplasia usually after 8 years of age,
including ocular exposure, nasal airway obstruction, and
class III malocclusion.3 However, LeFort III osteotomy can
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Abstract Patients with Crouzon syndrome have increased risks of cerebrospinal fluid rhinorrhea
and meningoencephalocele after LeFort III osteotomy. We report a rare case of
meningoencephalocele following LeFort III midface advancement in a patient with
Crouzon syndrome. Over 10 years since it was incidentally found during transnasal
endoscopic orbital decompression, the untreated meningoencephalocele eventually
led to intermittent clear nasal discharge, frontal headache, and seizure. Computed
tomography and magnetic resonance imaging demonstrated meningoencephalocele
in the left frontal-ethmoid-maxillary sinus through a focal defect of the anterior cranial
base. Through bifrontal craniotomy, the meningoencephalocele was removed and the
anterior cranial base was reconstructed with a pericranial flap and split calvarial bone
graft. Secondary frontal advancement was concurrently performed to relieve suspi-
cious increased intracranial pressure, limit visual deterioration, and improve the
forehead shape. Surgeons should be aware that patients with Crouzon syndrome
have the potential for an unrecognized dural injury during LeFort III osteotomy due to
anatomical differences such as inferior displacement and thinning of the anterior
cranial base.
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result in rare but life-threatening complications, including
cerebrospinal fluid (CSF) rhinorrhea, meningitis, andmenin-
goencephalocele.4 Patients with Crouzon syndrome are at
increased risk of tearing of the adherent dura, especially
during midline separation through the nasofrontal suture in
LeFort III osteotomy.5 An undiagnosed defect of the anterior
cranial base can lead to subsequent herniation of the CSF,
meninges, or brain months to years after surgery. Herein, we
report a rare case of transethmoidal meningoencephalocele
that resulted inCSF rhinorrhea and seizureoccurring10years
after LeFort III midface advancement in a patient with
Crouzon syndrome. Institutional review board approval
(No. 2112–158–1287) was obtained for this case.

Case

A 31-year-oldwomanwith Crouzon syndromehad previously
undergone primary fronto-orbital advancement (FOA) at
2 years of age and LeFort III halo distraction at 18 years at
other hospitals. At 21 years of age, transnasal endoscopic
orbital decompression was performed in the left nasal cavity
by an otolaryngologist for proptosis and optic atrophy. How-
ever, the operation was terminated immediately after herni-
ated brain tissue was identified on frozen biopsy during
ethmoidectomy (►Fig. 1). Physical examination revealed in-
tranasal mucopus on her left side; however, the view was
limited due to synechia between themaxillary crest and nasal
floor. Preoperative computed tomography (CT) showed a focal
bony defect in the left anterior cranial base, which was
considered insignificant (►Fig. 2A and B). After surgery, brain
magnetic resonance imaging (MRI) confirmed meningoence-
phalocele in the left frontal-ethmoid sinus and nasal cavity
(►Fig. 3A). Papilledema related to increased intracranial pres-
sure (ICP) was not observed on fundus examination. The
patient was referred to the department of neurosurgery for
potential CSF leakage andmeningitis because the granulation

tissue was removed during the endoscopic procedure but
refused further surgical treatment.

Ten years later, the patient visited the emergency room
for a first-time generalized seizure. She had also experienced
intermittent clear nasal discharge (three episodes lasting up
to 1 month), which was suspected as CSF rhinorrhea but not
verified by any tests. A recent headache localized to the
supraorbital area was also noted. Chronic optic atrophy was
stationary without recent deterioration of visual acuity and
fundus examination was negative for papilledema findings.
The interval progress of the meningoencephalocele into the
left fronto-ethmoid-maxillary sinus was observed on 10-
year follow-up brain MRI (►Fig. 3B). No active CSF leakage
beyond the herniated sacs was observed.

Fig. 1 An intraoperative endoscopic image. The herniated brain
tissue into ethmoidal sinus was delineated with a yellow dotted line.
LP, lamina papyracea; MS, maxillary sinus.

Fig. 2 Coronal and sagittal computed tomography scans (A, B) before
and (C, D) after surgery. The white arrows indicate the focal bony
defect of the left anterior cranial base (A, B). The white arrow heads
indicate the split calvarial bone graft fixed with screw fixation (C, D).

Fig. 3 Preoperative coronal T2-weighted magnetic resonance images
demonstrating interval progress of the meningoencephalocele in the
fronto-ethmoid-maxillary sinus. (A) 10 years prior, when the menin-
goencephalocele was first observed, and (B) before reconstruction of
the anterior cranial base.
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Surgical intervention using the transcranial approachwas
performed in tandem bya neurosurgeon and plastic surgeon.
Themeningoencephalocele was removed through a bifrontal
craniotomy. The supraorbital craniotomy line was designed
above the right frontal sinus based on the sagittal and coronal
CT images. Burr hole trephination was first performed at the
vertex (1 cm apart the midline), frontal region, and squa-
mous part of the temporal bone on each side. After epidural
dissection between these holes, bifrontal craniotomy was
completed using a saw. The herniated frontal lobe below the
cranial base was ligated and hemostasis was achieved using
bipolar coagulation. A 6�8mm-sized cranial defect was
identified in the left anterior skull base (►Fig. 4A and B).
Approximately 1�1cm-sized pericranial flap was elevated
and transferred to the skull base defect.6 TachoSil (Takeda
Pharma, Wien, Austria) was applied as a double layer (one
outside of the dural defect before pericranial flap transfer,
and the second one on the transferred flap margin inside the
dura mater).7 After dural repair, the Valsalva maneuver was
performed by an anesthetist to confirm absence of CSF leak.
For split calvarial grafting, a 4�6 cm-sized calvarial bone
graft was harvested from the left parietal bone. The outer
table of the bone graft was returned to its place. A 1�1cm-
sized split calvarial graft was placed over the cranial base
defect and fixed using a 6-mm-sized titanium screw

(►Fig. 2C and D). Additionally, secondary frontal advance-
ment was performed to expand the cranial vault, limit visual
deterioration, and improve the forehead shape. The bifrontal
bone flap was fixed using titanium miniplates and screws
into approximately 1 cm anteriorly advanced position. Three
pieces of 1�6 cm-sized split calvarial grafts were inserted
into the coronal gap between the bifrontal bone flap and the
parietal bones (►Fig. 5). An orbital bar was notmade to avoid
the risk of infection due to exposure of the frontal sinus on
her right side. No complications were recorded and the
headache resolved after surgery. There were no recurrences
of meningoencephalocele or any symptoms at the 2-year
follow-up (►Fig. 6).

Discussion

Reported complications following LeFort III midface
advancements include CSF leakage, meningitis, and menin-
goencephalocele.4 Patients with Crouzon syndrome have an
additional iatrogenic risk for developing dural tears and
fractures of the cribriform plates, especially during the
nasofrontoethmoidal osteotomy procedure in LeFort III
osteotomy. There were few reports on meningoencephalo-
cele in patients with Crouzon syndrome who had history of
LeFort III osteotomy.5,8 Panuganti et al reported a 19-year-
old patient with Crouzon syndrome and Graves’ disease who
developed CSF rhinorrhea and frontal painwithin 1 year after
LeFort III midface osteotomy.8 Ridgway et al reported a 14-
year-old patient with Crouzon syndrome who presented

Fig. 4 Intraoperative photographs of the anterior skull base. (A)
Through bifrontal craniotomy, the skull base defect was identified
after removal of the meningoencephalocele. (B) The pericranial flap
(indicated with an asterisk) was transferred for dural repair. Ant,
anterior; Post, posterior; Mid, midline.

Fig. 5 Sagittal and top-down endocranial views in three-dimensional
renderings from computed tomography scans (A, B) before and (C, D)
after surgery. The anterior cranial base defect (delineated with a blue
dotted line, B) was reconstructed with a split calvarial bone graft
(delineated with a blue dotted line, D). Additionally, secondary frontal
advancement was performed (C, D).
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nasal obstruction, snoring, and nasal drainage 4 years after
LeFort III advancement.5 Next year, the authors reported
complications of LeFort III osteotomy in 31 patients with
syndromic coronal synostosis, including the earlier casewho
developed meningoencephalocele.5,9 Among 31 patients, 2
patients had CSF rhinorrhea and 1 had meningoencephalo-
cele. This can occur due to the anatomical abnormalities
frequently observed in patients with Crouzon syndrome,
such as inferior displacement and thinning of the anterior
cranial base.8 The current literature suggests that increased
ICP might lead to the development of complications and
relapse.8 Furthermore, patients treated with primary FOA in
infancy, as in our case, are reportedly at a higher risk, which
may be attributed to significant scarring.9

In our case, the untreated meningoencephalocele eventu-
ally led to suspected CSF rhinorrhea, frontal headache, and
seizure for 10 years after incidentally identified. Meningoen-
cephaloceles are defined as a herniation of brain tissue
within the CSF-filled sac and are classified according to their
location.5 Basal meningoencephaloceles account for only
1.5% of cases, and the transethmoidal type can cause intra-
nasal obstruction and CSF rhinorrhea.10 Meningitis from
untreated CSF leaks occurs in approximately 20% of cases.11

Hammer et al reported a case of temporo-sphenoidal ence-
phalocele with CSF rhinorrhea and a first-time seizure in a
middle-aged woman without any history of trauma or
surgery.12 Inflammatory reactions related to encephalitis
led to the onset of epilepsy. Our case was not diagnosed
with related meningitis or encephalitis.

The patient underwent bifrontal craniotomy to remove
the meningoencephalocele and repair the defect of the
anterior cranial basewith a pericranialflap and split calvarial
bone graft. Most traumatic CSF leaks resolve spontaneously
within 7 days with conservative treatment, including bed
rest, hydration, and steroids. However, if the leak persists,
surgical intervention using an open transcranial or minimal-
ly invasive endoscopic approach is required.11 The trans-
cranial approach is an appropriate option for the definitive
repair of skull base defects by offering direct visualization
and the use of a pericranial flap or calvarial bone graft.13 This
approach is preferred in cases accompanied by meningoen-
cephalocele and with histories of multiple surgical where
significant scarring is expected.5 In addition, secondary
frontal advancement was performed in this case to relieve
suspiciously increased ICP and improve the forehead contour.
Supraorbital bar advancement was not performed to avoid
the potential risk of CSF leakage or meningitis caused by
frontal sinus exposure.13 Despite apparent exophthalmos
and lower eyelid retraction, complete eye closure was possi-
ble without management. Additional midface advancement
or malar augmentation could be considered for more im-
proved aesthetic outcomes.

Meningoencephalocele following LeFort III osteotomy is
rare; however, early recognition and appropriate treatment
can prevent fatal problems such as CSF rhinorrhea, meningi-
tis, and seizure. Surgeons should be aware that patients with
Crouzon syndrome have the potential for an unrecognized
dural injury and subsequent meningoencephalocele after
LeFort III osteotomy. CT is the imaging modality of choice
for evaluating bone, especially thin cortical bone structure in
the skull base.14 If a skull base defect is suspected, brain MRI
is recommended to confirm the intracranial connection and
assess the components of the soft tissues.15
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