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Background

Sphenoid wing meningoencephaloceles are a common cause
of cerebrospinal fluid (CSF) rhinorrhea.1,2 Some occur spon-
taneously, but most are secondary,2,3 caused by neoplasms,
trauma, inflammation, or surgery. Spontaneous meningoen-
cephalocele (SME) of the sphenoidwing is rarely encountered
in a general neurosurgery practice.4 Surgical repair is more
often successful for secondary SME leaks than for spontane-
ous SME leaks.2 To decrease the risk of CSF infection, surgical

repair of SME is indicated when CSF leak is documented.2,3,5

The approach to fistula closure depends on the anatomical
location of the defect and the direction and magnitude of the
extension of meningoencephalocele. These lesions are tradi-
tionally repaired through temporal craniotomy.1,2 The endo-
scopic transpterygoid approach (ETPA) is a relatively new, less
invasive approach to these fistulas.6 This report describes its
use to close SME of the sphenoid wing with lateral sphenoid
sinus extension.
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Abstract Spontaneous meningoencephalocele (SME) of the sphenoid wing is a rare cause of
cerebrospinal fluid (CSF) leakage. Surgical closure of the fistula is usually required. The
approach taken depends on the location of the defect and the extension of the
meningoencephalocele. The endoscopic transpterygoid approach may be useful. We
prospectively analyzed the three cases of SME of the sphenoid wing with lateral
sphenoid sinus extension treated endoscopically at Stanford over the last 3 years
with regard to imaging findings, operative technique, and operative morbidity. In our
three cases, the extent of pterygopalatine fossa (PPF) exposure undertaken, complete in
one and partial in two, depended on the defect site. Follow-up ranged from 17 to
25 months. The fistula was completely closed in all three cases. Extant literature reports
a 97% rate of successful closure (N ¼ 65 of 67, with a mean follow-up of 25 months) and
no major complications. Endoscopic transpterygoid repair is a useful, safe alternative to
traditional approaches for repair of SME of the sphenoid wing. Its feasibility depends on
the site of the defect, which can be identified by preoperative imaging. Larger PPF
exposure and postoperative lumbar drainage of CSF can be useful and have a low risk of
morbidity.
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Methods

We prospectively collected data regarding all CSF fistulas and
sphenoid sinus meningoencephaloceles over the last 2 years
at Stanford University Hospital. We selectively reviewed SME
of the sphenoid wing with lateral sphenoid sinus extension.
Cases with precipitating injury were excluded. We found
three cases treated with ETPA. We catalogued the imaging
evaluation, operative technique, and surgical morbidity. We
reviewed the literature for SME treated by ETPA through a
search from 2000 to 2013 using the words lateral sphenoid,
transpterygoid, spontaneous encephalocele, spontaneous me-
ningoencephalocele, and sphenoid wing. We tabulated the
surgical approach, repair techniques, use of a lumbar drain
(LD), success rate, and complications reported.

Surgical Approach

A thin cut computed tomography (CT) scan through the skull
base was obtained for intraoperative guidance in all patients.
At the beginning of the procedure, an LD was placed for
postoperative CSF diversion. The patient’s head was fixed
with a Mayfield clamp and rotated 30 degrees to the right. A
zero-degree endoscope was used primarily with 30- and
45-degree endoscopes used as needed.

A large contralateral nasoseptal flap based on the posterior
nasal arterywas raised andplaced in the nasopharynx. Posterior
septectomy was performed to enable a bilateral nasal approach
by two surgeons. Unilateral wide maxillary antrostomy, total
ethmoidectomy, and a large sphenoidotomywere performed on
the side of lesion. A transpterygoid approach was needed to
access the lateral sphenoid recess (►Fig. 1A–C). The extent of
pterygopalatine fossa exposure sought depended on the location
of the bony defect and the direction of the meningoencephalo-
cele sac. For defects lateral to the foramen rotundum with or
without extension into the infratemporal fossa, we used the
extended endoscopic transpterygoid approach (EETPA). In this
approach we exposed the pterygopalatine fossa (PPF) widely,
from medial to lateral. If the defect was medial to the foramen
rotundum, we exposed the PPF partially utilizing a limited
endoscopic transpterygoid approach (LETPA) just to the extent
needed to seal the bony defect.

In both approaches, the PPF dissection beganmedially and
progressed laterally. The sphenopalatine foramen (SPF) and
the sphenopalatine artery (SPA), running between the orbital
and sphenoidal process of the palatine bone to exit through
the SPF, marked the point of medial entry into the PPF. In all
three cases the SPA was sacrificed and a contralateral septal
flap was used. In LETPA, the vidian nerve (VN) was exposed
and the pterygopalatine ganglion was pushed inferolaterally.
Bone removed included the perpendicular plate of the pala-
tine bone and part of the medial base of the medial pterygoid
process. The V2 branch of the trigeminal nerve was partially
visualized. In the EETPA, more of each pterygoid process was
removed to allow visualization of more lateral defects. The
maxillary artery and the pterygopalatine ganglion were
identified and pushed inferiorly. The full course of V2 enter-
ing the inferior orbital fissure was seen (►Fig. 1D).

Once the defect in the bonewas exposed, surrounding soft
tissue was removed. Multilayered closure consisted of inlay
fascia lata graft, fibrin sealant, and the onlay contralateral
nasoseptal flap (►Fig. 1E). The construct was supported by
Gelfoam and nasal packing. CSF diversion via the LD was
continued for at least 2 days postoperatively. The nasal
packing was removed 3 days after surgery. Prophylactic
antibiotics were discontinued when the LD was removed.

Results

Three cases of SME were treated endoscopically utilizing a
transpterygoid approach (ETPA). Two patients, one of
whom had meningitis, presented with CSF rhinorrhea.
The third patient presentedwith seizures and blurry vision.
Two patients had headaches at presentation (►Table 1). The
pterygopalatine fossa was fully exposed utilizing EETPA in
one case and partially exposed in the two with a tailored
LETPA (►Fig. 2A–C). Follow-up ranged from 15 to 25months
(average: 19 months). Successful closure of the fistula was
achieved on the first attempt in all three cases. One patient
experienced transient double vision that fully resolved
within 6 months of surgery. The patient with the complete
pterygopalatine fossa exposure experienced transient fa-
cial numbness and decreased lacrimation on the side of the
surgery; both resolved completely within 6 months of
surgery. No other intraoperative or postoperative compli-
cations were encountered. The two patients presenting
with headaches reported significant improvement in their
headaches. Postoperative imaging in all three cases showed
complete obliteration of the meningoencephalocele sac
(►Figs. 1F and 2D).

Twelve reports, reviewing a total of 64 cases of SME with
lateral sphenoid sinus extension treated by an EPTA, were
found in the English literature between 2000 and 2013.3–14

(►Table 2). The average follow-up was 25 months. CSF
leakage persisted in only two cases, an overall surgical success
rate on the first attempt of 97% (n ¼ 62 of 64). Both failures
occurred after LEPTA with partial pterygopalatine fossa ex-
posure. An LD was used in 35 patients with no reported
complication. Lumbar drainage did not affect the success rate
of the procedure. Postoperative facial numbness occurred in 4
of 33 cases, temporary in 2 and persistent in 2 (n ¼ 4 of 33).
Occurrence of facial numbness did not correlate with the
extent of exposure. Lacrimationwas diminished after surgery
in two patients (2 of 33), both of whom had the more
extensive EETPA. The success rates of different closure con-
structs were similar.

Discussion

Sphenoidwingmeningoencephalocele is a common causes of
CSF rhinorrhea.1,2 Most are secondary to trauma; SME is
rarely reported.6 Spontaneous SMEs are usually attributed
to a congenital anomaly at the lateral craniopharyngeal canal,
also known as Sternberg canal, caused by the incomplete
fusion of deferent sphenoid bone parts. This causes a frank
defect or a low-resistance barrier that allows development of
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a SME.4,15 Elevated intracranial pressure (ICP) and obesity
were associated with SME.7–16 Far lateral pneumatization of
the sphenoid bone, a normal variant in 22 to 40%, is com-
monly present in cases of SME of the sphenoid wing.2,8,17

Surgical obliteration of the fistula is more often successful in
secondary than in spontaneous cases.18

CSF rhinorrhea is themost commonpresentation of SME of
the sphenoid wing with lateral sphenoid sinus extension.9

Other presentations include headache, recurrent meningitis,
seizures, and cranial nerve impairment. It can also be diag-
nosed as an incidental finding.1–6 Surgical repair of a leaking
SME is indicated to decrease the risk of CSF infection.2,3,5

Fig. 1 Illustrative case of an extended endoscopic transpterygoid approach (patient 1). (A) Computed tomography scan axial cuts without
contrast at the level of the pterygopalatine fossa (PPF) showing the meningocele extending into the lateral recess of the sphenoid sinus and the
pneumatized pterygoid plates. (B) T1 sequence magnetic resonance imaging (MRI) coronal cuts without contrast showing the meningoence-
phalocele extending into the infratemporal fossa. (C) Intraoperative exposure of the sphenoid sinus. This view is obtained after the posterior
ethmoidectomy. The arrow indicates the location of the posterior ethmoid sinus. (D) Intraoperative view showing the sphenoid sinus (superiorly)
and the exposed PPF. This view is obtained after opening themedial and posterior wall of themaxillary sinus. The encephalocele extending into the
meningocele sac can be seen in the magnified view. The black dotted line represents the opening in the posterior wall of the PPF. This is formed by
the pneumatized pterygoid plates, which is also part of the middle fossa medial wall. (E) The construction of the defect in multiple layers. (F) T1
sequence MRI coronal cuts with contrast 3 months after the surgery. The enhancing vascularized flap (arrow) is sealing the defect site. ICA,
internal carotid artery; OCR, opticocarotid recess; ON, optic nerve.
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Table 1 Patient characteristics

Patient Age, y/Sex Clinical evaluation Radiologic findings Approach Follow-up on CSF
leak and cranial
nerves findings

Patient 1 (Fig. 1) 32/Female CSF leak
Headache

Meningoencephalo-
cele extending into
the lateral recess of
the sphenoid sinus
and the infratem-
poral fossa

Extended endo-
scopic transptery-
goid approach and
resection of gliotic
tissue

No leak
Transient V2 numb-
ness and decreased
lacrimation

Patient 2 (Fig. 2) 27/Female Seizures
Headaches
Blurry vision

Meningocele ex-
tending into the
lateral recess of the
sphenoid sinus

Partial PPF exposure No leak
Intermittent blurry
vision

Patient 3 67/Male CSF leak
Meningitis

Meningoencephalo-
cele extending into
the lateral recess of
the sphenoid sinus

Partial PPF exposure No leak
No new cranial
nerve deficits

Abbreviations: CSF, cerebrospinal fluid; PPF, pterygopalatine fossa.

Fig. 2 illustrative case of a limited endoscopic transpterygoid approach (patient 2). (A) Computed tomography scan axial cuts without contrast at
the level of the pterygopalatine fossa (PPF) showing the meningocele extending into the lateral recess of the sphenoid sinus. (B) T2 sequence
magnetic resonance imaging (MRI) coronal cuts showing meningocele extending into the lateral recess of the sphenoid sinus. (C) Intraoperative
view showing the sphenoid sinus (1), the posterior ethmoid sinus (2), and the exposed anterior wall of the PPF (3). The medial wall of the maxillary
sinus is removed. The next step is to proceed with the removal of the anterior and posterior walls of the PPF frommedial to lateral. (D) T1 sequence
MRI with contrast 3 months after surgery. The enhancing vascularized flap (arrow) is sealing the defect site.
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Some authors advocate treating the lesion even without
documented CSF leakage or meningitis because of the possi-
bility of an occult fistula.19

Classification of sphenoidwing encephaloceles is based on
the location of the bony defect connecting the subarachnoid
space to the extracranial compartment and the extension of
the meningoencephalocele itself.1,20 These anatomical clas-
sification schemes can potentially guide the surgical ap-
proach. Traditionally, an open transcranial, an
infratemporal, or a transfacial approach has been required
to treat these lesions successfully.1 These approaches are
associated with significant morbidity mainly caused by brain
retraction and the extensive osteotomies needed to directly
visualize the defect. The endoscopic approach is a less inva-
sive technique with the advantages of avoiding brain retrac-
tion and large skin incisions. Initial reports of treating these
lesions transnasally suggested a higher failure rate.2,13 The
poor outcomes were due to the inadequate visualization of
defects lateral in the lateral recess of the sphenoid sinus.
However, more precise appreciation of the surgical anatomy
of the nasal sinuses,21–24 and improved endoscopic illumina-
tion and instrumentation, have led to greater use of endo-
scopic transnasal approaches for SME of the sphenoid wing.
Recent reports recommend the transpterygoid route to treat
these lateral lesions.6,13,14

A clear understanding of sinonasal and pterygopalatine fossa
anatomy is required for ETPA approaches (►Fig. 3A, B).22–25 The
posterior wall of the pterygopalatine fossa is formed by the root
of the sphenoid bone and thepterygoid plates. Thepalatinebone
forms the anteromedial wall of the pterygopalatine fossa. The
posterior wall of the maxillary sinus forms the anterior wall of
thepterygopalatine fossa. Thepterygopalatine fossa is connected
laterally to the masticator space, part of the infratemporal fossa,
through the pterygomaxillary fissure. The pterygoid plates’ base
contains the foramen rotundum superomedially, transmitting
the maxillary nerve (V2), and the vidian canal inferomedially,
transmitting the VN. The average distance between the foramen
rotundum and the vidian canal was 5.6 mm horizontally and
6.22 mm vertically.26 The pterygopalatine fossa connects ante-
riorly with the inferior orbital fissure that transmits the zygo-
matic branchof themaxillarynerve (V2), parasympatheticfibers
from the pterygopalatine ganglion, and the greater palatine
nerve. The palatovaginal canal and the SPF connect the pter-
ygopalatine fossa to the nasal cavity. The sphenopalatine artery
runs between the orbital process and sphenoidal process of the
palatinebone. The twomajor componentsof thepterygopalatine
fossa are the pterygopalatine ganglion, located posteromedially,
and the maxillary artery located anteriolaterally.27 The lateral
recess of the sphenoid sinus is the lateral component of the sinus
resulting from the pneumatization of the sphenoid wing. Vari-
able degrees of pneumatization range from a limited lateral
recess to complete pneumatization of the pterygoid plates.2,8,17

This extension of the sphenoid sinus is inferior and posterior to
the posterior ethmoid air cells. The lateral recess is usually not
encountered in midline standard sellar approaches for pituitary
lesions.

We report three cases of SME treated with an ETPA. All
three cases were treated successfully on the first attempt.Ta
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Fig. 3 Illustrative anatomy. (A) Axial and sagittal cuts computed tomography (CT) scan at the level of the pterygopalatine fossa (PPF). The red
lines correspond to the magnified images in (B). (B) Magnified axial cuts at the level of the PPF. Note the PPF (white arrow), lateral recess of the
sphenoid sinus (asterisk), the vidian canal at 2 (arrowhead), and the foramen rotundum at 4 (triangle). (C) Coronal cut CT scan showing the
sphenoid sinus and its lateral recess. Note the pterygoid plates just under the lateral recess. The drawing shows the PPF (in red) and a
meningoencephalocele extending medially with a vertical bony opening (in yellow) and a meningoencephalocele extending inferiorly with a
horizontal bony defect (in green). The approach is lateral to the carotid. The carotid can be localized in a preoperative CT scan or intraoperatively
utilizing image guidance and/or Doppler ultrasound.
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We inserted an LD preoperatively to divert CSF for a
minimum of 2 days after the reconstruction. The LD also
permitted measurement of ICP, whose elevation can con-
tribute to SME formation.16 The LD also allows localization
of the defect with intrathecal fluorescein.7 The LD insertion
has its own risk and can cause prolonged hospitalization.
The average hospital stay was 4 days in our series; this was
mandated by the indwelling LD. Insertion of an LD did not
affect the overall success rate of surgical treatment in the
reviewed reports (n ¼ 64), and it added no morbidity.

We suggest that the extent of pterygopalatine fossa expo-
sure needed depends on the anatomical features of the
meningoencephalocele. The location of the bony defect con-
necting the subarachnoid space to the extracranial compart-
ment determines the extent of pterygopalatine fossa
exposure (►Fig. 3C). Inferior extension of the meningoence-
phalocele sac inferiorly into the infratemporal fossawarrants
an EETPA (►Fig. 1A, B). Tailored exposure sufficient to seal
the leak is recommended for medial defects to minimize
manipulation of pterygopalatine fossa’s neurovascular struc-
tures (►Fig. 2A, B). The exposure can be started medially and
then extended laterally to avoid exposing more critical
structures in the pterygopalatine fossa. The location of the
defect in relation to the foramen rotundum is a simple guide
to tailoring the procedure. Defects lateral to the foramen
rotundum usually necessitate an EETPA. The only two re-
ported failures (n ¼ 2/64) of an ETPA occurred when a
limited exposure was used. A thin-cut computed tomogra-
phy (CT) scan can aid preoperative evaluation and help guide
the surgical exposure. However, the choice of extent of
exposure should be made on the basis of intraoperative
findings.

The postoperative morbidity was the same for LETPA and
EETPA. Postoperative palatal anesthesia might be avoided by
mobilizing the greater palatine nerve larterally.10,26 Kasem-
siri et al26 provided a useful 5 grade classification of the
transpterygoid approach dependingon the targeted area. This
classification is useful in guiding and tailoring the exposure.
Types A and B approach lesions in the pterygopalatine fossa,
and the lateral recess of the sphenoid and are equivalent to
our LETPA. Types C and D are extensions of the limited
approaches targeting the petrous apex, Meckel cave, and
the infratemporal fossa.

We utilized a multilayer closure starting with an inlay
fascia lata, followed by tissue glue and a final layer of a
vascularized nasoseptal flap. We believe that these defects
requiremultilayer closure for long-lasting results. The use of a
nasoseptal flap in high-flow CSF fistulas has been previously
reported to decrease the risk of recurrent CSF leak.28 Recon-
struction techniques used in the repair of SME have ranged
from simple obliteration of the sinus to a multilayered
construct supported by a bony buttress and a nasoseptal
flap. Obliteration of the sinus alone was associated with a
higher rate of failure.4,29 No significant difference in out-
comes was seen among the constructs in the cohort reviewed
(►Table 2). However, adjustment of the reconstruction ac-
cording to the defect size has been recommended. Many
authors reserve use a septal flap for large defects.7,8

In our case of EETPA, the patient experienced transient
facial numbness in the V2 distribution and decreased lacri-
mation; both recovered completely within 3 months. Other-
wise, morbidity of these transpterygoid approaches was
minimal. In the literature, greater exposure did not increase
the risk of postoperative facial paresthesia. The two cases of
decreased lacrimation, which occurred after more extensive
exposure, caused no significant disability. Only two postop-
erative infections were reported (2 of 67). These results
suggest that enlarging the exposure of an ETPA for better
visualization of the defect, more facile closure, and increased
likelihood of permanent obliteration of the fistula can be
obtained with little risk of additional morbidity.

Our review of the literature noted some limitations. The
reviewed reports are all retrospective; our report is the only
prospective case series. We had difficulty estimating the
extent of exposure in some cases. Many series had brief
follow-up; fistulas can occur years after the repair.30 Al-
though the complication rate appears low, only half of the
published reports we reviewed reported their complications.
The high success rate and reported low morbidity in these
series may reflect their origin from institutions with signifi-
cant experience with endoscopic endonasal treatment of
skull base lesions utilizing the endoscopic endonasal route.
This may explain the high success rate and the reported low
morbidity in these cohorts.

Conclusions

An endoscopic endonasal transpterygoid approach is a
useful alternative to craniotomy in the repair of SME of
the sphenoid wing extending into the lateral recess of the
sphenoid sinus. A success rate approaching 100% is com-
monly reported from experienced centers. The feasibility of
the intervention depends on the site of the defect, which
can be determined on preoperative imaging. More exten-
sive pterygopalatine fossa exposure did not add to opera-
tive morbidity. In the literature, choice of repair technique
varied with the surgeon’s preference, but neither this nor
use of postoperative LDs for CSF diversion produced signif-
icantly different outcomes.
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