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Abstract

This report describes a case of spontaneous cerebrospinal fluid leak through a narrow canal-like fistula in the lateral wall of

the sphenoid sinus, which was managed through rigid reconstruction. Rigid reconstruction of the skull base was performed by

fitting a pile-shaped bone into the fistula like the pile-driving technique.
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Abstract

This report describes a case of spontaneous cerebrospinal fluid leak through a narrow canal-like fistula in the
lateral wall of the sphenoid sinus, which was managed through rigid reconstruction. Rigid reconstruction of
the skull base was performed by fitting a pile-shaped bone into the fistula like the pile-driving technique.
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Key Clinical Message

The cranial base defect that causes spontaneous cerebrospinal fluid leakage is sometimes narrow and canal-
like, requiring a detailed investigation of the sphenoid sinus. Rigid reconstruction is possible even in such
cases.

Introduction

Spontaneous cerebrospinal fluid (CSF) leakage occurs because of increased intracranial pressure; however, it
has been reported to be caused by residual Sternberg’s canal1 and progressive pneumatization of the lateral
fossa of the sphenoid sinus. The increased intracranial pressure leads to the formation of arachnoid pits,
which leads to progressive bone destruction of the skull base2-6. Therefore, skull base reconstruction should
be multilayered and as strong as possible.

Despite various techniques reported for multilayer reconstruction of the skull base, small defects are typically
reconstructed using fat or fascia, while rigid reconstruction has not been reported7-9.

In this report, we describe a novel technique for managing fistulas of the lateral wall of the sphenoid si-
nus through rigid reconstruction in which a bone pile was formed and inserted similar to the pile-driving
technique. This technique is effective in reconstructing thin and long fistula-like bone defects, where rigid
reconstruction has not been considered.

Case report

A 53-year-old woman, who had been suffering from serous rhinorrhea for several years, with no specific
medical conditions except for obesity with a body mass index of 41 kg/m2, presented emergently to the
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neurological department with high fever and impaired consciousness. Cerebrospinal fluid (CSF) examination
by lumbar puncture revealed a diagnosis of bacterial meningitis. Only an accumulation of fluid with air was
noted in the right sphenoid sinus through brain computed tomography (CT) taken at 4-mm slice thickness
(Figure 1A) and magnetic resonance imaging (MRI) (Figure 1B). There were no other findings that could be
considered a focus of inflammation. She was referred to the otorhinolaryngological department to investigate
whether the right sphenoid sinus was the focus of the meningitis. High-resolution (HR) CT images were taken
with 0.5-mm slice thickness, and coronal and sagittal sections were reconstructed (Figure 2A1-3). HRCT
revealed a skull base fistula at the lateral wall of the right sphenoid sinus and arachnoid pits at the middle
cranial fossa. In addition, the fluid in the right sphenoid sinus, draining into the nasal cavity via the natural
ostium of the right sphenoid sinus (Figure 3A), was collected and measured for glucose, and was found to
be similar to the CSF from the lumbar region. Therefore, we diagnosed the patient with spontaneous CSF
leakage due to fistula of the middle cranial fossa and an ascending bacterial infection spilled over into the
cranium via the fistula. After improvement of the meningitis by medical treatment, an interdisciplinary
team of otorhinolaryngologists and neurosurgeons performed reconstruction of the skull base.

An otolaryngologist and a neurosurgeon performed the reconstruction surgery. First, right endoscopic sinus
surgery was performed to open the sphenoid sinus via the ethmoid sinus (Figure 4A). The base of the right
sphenoid sinus was observed with a 70-degree telescope, and a fistula was identified on the lateral wall
of the right sphenoid sinus (Figure 4B, 4C). Subsequently, bilateral sphenoid sinuses were opened using a
transseptal approach (Figure 4D, 4E). To secure a wide surgical field and sufficient field of view, a rescue
incision was made to the natural ostium of the right sphenoid sinus, parallel to the nasal floor, at the area
where the olfactory epithelium did not exist (Figure 4F). The sphenoid crest was removed, and the surgical
field was developed laterally so that the floor of the right sphenoid sinus could be fully manipulated (Figure
4G, 4H). The blood vessels and nerves in the right palatovaginal and Vidian canals were cauterized, and the
surgical field was further expanded laterally to enable manipulation of the lateral wall of the right sphenoid
sinus. The arachnoid mater was identified in the fistula after removal of the right sphenoid sinus mucosa
(Figure 5A). A collagen matrix (DuraGenTM Dural Graft Matrix [Integra Life Sciences, Plainsboro, NJ,
USA]) was inserted into the fistula and laid against the dura mater (Figure 5B, 5C, 5D). The vomer bone
was shaped into a pile and fitted into the fistula for rigid reconstruction of the skull base (Figure 5E, 5F,
5G). A multilayer reconstruction was performed by covering the outermost layer with a pedicle nasoseptal
mucosal flap (Figure 5H).

At 6-month follow-up, no recurrence of CSF leakage or resorption of the inserted bone pile was observed
(Figure 2B1-3, 3 B). There were no complications, such as olfactory disturbances or nasal septal perforation,
due to surgical invasion. There were no findings of intracranial infection or sinusitis.

Discussion

We propose two clinical issues to be addressed in this case. First, rigid reconstruction was possible even for
a narrow fistulous skull base defect. Second, thin-slice HRCT images were effective in identifying the fistula.

The main feature of this procedure is the use of bone for rigid reconstruction. In this case, a multilayer
reconstruction was performed, which included a collagen matrix laid against the dura mater as the first
layer, bone pile fitted into the bone as the second layer, and a pedicle nasoseptal flap covering the bone as
the third layer. Previously, for small defects, only soft reconstruction was performed with fascia or fat and
rigid reconstruction was not recommended7-9. However, since spontaneous CSF leakage is related to chronic
intracranial hypertension2-6, a strong reconstruction is preferable. In this case, the fistula was in the form of
a narrow canal, therefore we processed the vomer bone into a pile and inserted it in a pile-driving manner.
This technique provides a rigid bone-based reconstruction for canalicular fistulas.

The fistula in this case was thin and canal-like; thus, a 0.5-mm slice HRCT was useful in identifying it.
According to the previous reports, spontaneous CSF leakage in the sphenoid sinus has often been associated
with meningoencephaloceles3,10-12. CT and MRI are commonly used imaging modalities, with a sensitivity of
approximately 90%9. However, in this case, CT and MRI of the brain did not raise suspicion of spontaneous
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CSF leakage. Even in the absence of the lateral recess of the sphenoid sinus and meningoencephalocele, it
is important to recognize the possibility of CSF leakage via a canal-like fistula and an ascending bacterial
infection.

We performed reconstructive surgery of the fistula on the lateral wall of the sphenoid sinus using a transseptal
approach. The transpterygoid approach is useful for observation and surgical manipulation of the defect in
patients with a well-developed lateral recess of the sphenoid sinus13. Since the lateral recess of the sphenoid
sinus was not observed in the current case, the surgical field was expanded laterally via the transseptal
approach. We were able to observe and manipulate the defect area sufficiently using a 30-degree telescope.

No complications were observed 6 months after surgery. However, it is necessary to investigate the possibility
of resorption of the injected bone and recurrence of CSF leakage.

Conclusion

We demonstrated that rigid reconstruction with bone was possible for a narrow canal-like fistula at the skull
base. Thin-slice HRCT was effective in identifying the fistula.
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Figure legends

Figure 1. Brain images at the first examination

A. Brain computed tomography (CT) with 4-mm slice thickness showing fluid accumulation with air inclusion
in the right sphenoid sinus. No fistula is detected.

B. Fluid-attenuated inversion recovery magnetic resonance image (MRI) showing no evidence of deviation
of the cranial contents into the sphenoid sinus.

Figure 2. Comparison of pre- and postoperative CT images

A. Preoperative high-resolution (HR) CT images: A1, axial section; A2, coronal section; A3, sagittal section.
The yellow arrowheads point to the fistula.

B. Postoperative HRCT images: A1, axial section; A2, coronal section; A3, sagittal section. The yellow
arrowheads point to the fistula. The fistula is filled with bone pile.

Figure 3. Comparison of pre- and postoperative endoscopic findings

A. Preoperative endoscopic finding. Transparent serous fluid is observed to be flowing from the natural
ostium of the right sphenoid sinus in the direction of the right choana.

B. Postoperative endoscopic finding. The anterior wall of the sphenoid sinus is removed. The bottom and
lateral wall of the sphenoid sinus is covered by the nasoseptal mucosal flap.

Abbreviations: C, choana; ltSS, left sphenoid sinus; NS, nasal septum; NSF, nasoseptal mucosal flap; rtSS,
right sphenoid sinus.

Figure 4. Intraoperative endoscopic findings accompanying the surgical procedure.

The black arrowheads point to the fistula.

A. Right endoscopic sinus surgery is performed.

B. The fistula covered with the mucosa is identified at the lateral wall of the right sphenoid sinus with a
70-degree telescope.

C. The fistula is further revealed after removal of a part of the mucosa and the CSF leak is confirmed with
a 70-degree telescope.

D. The left nasal septum mucosa is incised and elevated for the transseptal approach.

E. The sphenoid crest is identified at the posterior end of the nasal septum.

F. A rescue incision is made to the natural ostium of the right sphenoid sinus, parallel to the nasal floor.

G. The sphenoid crest is removed to expand the surgical field.

F. The surgical field is expanded laterally by removing the anterior wall of the sphenoid sinus.

Abbreviations: LP, lamina papyracea; ltNSM, left nasal septum mucosa; ltSS, left sphenoid sinus; MT, middle
turbinate; rtSS, right sphenoid sinus; SC, sphenoid crest

Figure 5. Intraoperative endoscopic findings accompanying the surgical procedure

The black arrowheads indicate the fistulas. E and H are findings with the 0-degree telescope, and the
remaining are findings with the 30-degree telescope.

5
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A. The arachnoid mater is identified in the fistula.

B,C,D. A collagen matrix is inserted into the fistula.

E. The bone is formed into a pile according to the size of the fistula.

F,G. The bone is inserted into the fistula in a pile-driving manner.

H. The lateral wall of the sphenoid sinus is covered with a nasoseptal mucosal flap.

Abbreviation: ltSS, left sphenoid sinus; NSF, nasoseptal mucosal flap

A B

A1 A2 A3

B1 B2 B3
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