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Case Report

INTRODUCTION
Cerebrospinal fluid (CSF) otorrhea frequently occurs as a result of trauma, surgery, neoplasm, or congenital malformations [1, 2]. 
Trauma history and meningitis may provide clues for the suspected CSF leakage in patients who report aural fullness, hearing loss, 
tinnitus, and imbalance [3]. Conversely, spontaneous CSF containing middle ear effusion/otorrhea (MEE/OTO) can occur without 
temporal bone trauma or any prior meningitis episode. There is an important association between spontaneous CSF otorrhea, 
obesity, and increased intracranial hypertension in adults [4-6]. A correct diagnosis can easily be missed, particularly in adult and 
geriatric patients [3, 7].

Spontaneous adult-onset CSF otorrhea is often associated with tegmen tympani defects. Defects may be congenital or due to 
aberrant arachnoid granulations [3, 8]. According to the arachnoid theory, some arachnoid granulations may not find venous termi-
nations and penetrate the dura mater, which results in defects in the bony tegmental plate of the tympani [8]. Otorrhea with tegmen 
tympani defects can cause hearing loss and predispose to meningitis.

Although symptoms of spontaneous CSF otorrhea are rare, autopsy studies showed that single defects of the tegmen tympani were 
present in 15%-34% of specimens, and multiple defects occurred in less than 1% of them [3]. Some authors reported that 15% of 
tegmen tympani had fewer than five defects, 6% had between 5 and 10 defects, and 16% had very thin cortical bony plate of the 
tegmen tympani [8].

Middle ear effusion with conductive hearing loss is the most common presenting symptom in CSF otorrhea. Diagnosis is usually 
made through ongoing, clear odorless, watery type otorrhea after ventilation tube application or myringotomy in suspected 
cases. The leakage may vary with various maneuvers that increase intracranial pressure (ICP), such as Valsalva maneuver and jug-
ular vein compression. The diagnosis can be supported by β2-transferrin, glucose, and β-trace protein analysis in the suspected 
fluid [7, 9].
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A radiographic examination greatly helps in achieving the diagnosis. 
Magnetic resonance imaging (MRI) and computed tomography (CT) 
are the most common imaging modalities used to determine defect 
locations [3, 7]. High-resolution CT (HRCT) is used to reveal the bone 
anatomy and the temporal bone defect, and MRI may be useful if the 
suspected cause of leak is an encephalocele or meningoencephalo-
cele, but it has the significant disadvantage of poor bone detail. High 
signal on T2-weighted images (T2WI) and low signal on T1-weighted 
images (T1WI) within the middle ear or mastoid cavity are compat-
ible with the diagnosis of meningocele; in addition, soft tissue that 
has an isointensity parallel with the temporal lobe parenchyma is 
highly suspicious with encephalocele [8]. MRI also allows differenti-
ation of the brain tissue from other common causes of opacification 
particularly from cholesteatoma [8]. MRI with 3D fast spin-echo (FSE) 
T2WI and 3D fast imaging employing steady-state acquisition (FIES-
TA) sequencing is useful in the assessment of patients with CSF fis-
tulae; it is noninvasive, offers excellent anatomic detail, and has no 
radiation risk [10].

Three surgical approaches have been described for the repair of 
CSF otorrhea. The surgical approaches vary according to the size, 
location of the defect, hearing status of ear, and the surgeon’s ex-
perience. Surgical approaches include the transmastoid approach, 
middle fossa craniotomy, or a combined approach. The transmastoid 
approach is most suitable for isolated tegmen and posterior fossa 
defects. However, the anterior and medial sites are not accessible 
through this approach if hearing is to be preserved. The most widely 
accepted approach for small defects is the transmastoid approach, 
which is less invasive. However, more invasive surgical approaches 
may be needed for large or multiple defects. Middle fossa craniot-
omy allows a wide exposure for dural and bony defect repair. Wide 
exposure becomes more important in multiple defects that may be 
otherwise missed through a transmastoid approach. However, this 
approach carries the risk of iatrogenic tears of the dura. Many sur-
geons prefer the combined approach for repair of CSF otorrhea. Iden-
tifacion through the mastoid approach and repair through cranioto-
my sometimes becomes a better choice. No consensus exists on the 
optimal procedure and repair technique; however, there is a general 
agreement that multilayer closure with graft materials significantly 
reduces the recurrence rate. CSF diversion is a controversial issue in 
CSF otorrhea treatment. Patients with high ICP can also be managed 
using CSF diversion [6]. 

We present three cases of spontaneous CSF otorrhea with defects 
on the tegmental plates of the temporal bone. The defects were suc-
cessfully repaired with temporal muscle fascia or fascia lata graft and 
fibrin glue using the middle cranial fossa approach via craniotomy.

CASE PRESENTATIONS

Case 1
A male aged 70 years presented with right-sided otorrhea and hear-
ing loss. He had experienced ear fullness and hearing loss for 4 years. 
Unsuccessful treatments with oral antibiotics were prescribed sever-
al times after being misdiagnosed as having otitis media with effu-
sion. Myringotomy resulting in pulsatile otorrhea and β-2 transferrin 
positivity of fluid had been suggestive of CSF. The patient had been 
referred to a neurosurgery clinic, and lumbar drainage was applied 

for 15 days with a 15 cm H2O CSF opening pressure, but no improve-
ment had been observed.

The patient was referred to our clinic and a physical examination re-
vealed a dull and opaque tympanic membrane on the right side. The 
tympanogram was type B on the same side and there was a conduc-
tive hearing loss. He had no history of trauma or ear surgery. An HRCT 
scan of the temporal bone revealed a suspected tegmen tympani de-
fect on the right side (Figure 1).

The repair of the CSF leak was planned using a middle cranial fossa 
approach with craniotomy but without CSF diversion because of nor-
mal CSF pressure. First, a reverse question mark-shaped incision was 
made, and the squamous part of the temporal bone was revealed. 
The dura was exposed by removing a 5×4-cm bony plate. The pe-
trous portion of temporal bone was exposed by proceeding eleva-
tion in the extradural space. There was a dural defect near the middle 
meningeal artery. A bony spine was observed on the temporal bone 
that corresponded with the location of the dural defect, which was 
removed by drilling. We also observed other millimetric bony de-
fects on the tegmen tympani (Figure 2). We considered that CSF had 

Figure 1. Coronal section HRCT. Dashed lines indicate the right-sided tegmen 
tympani defect

Figure 2 . Intraoperative view. Dashed lines indicate multiple millimetric bony 
defects of the tegmen tympani
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reached the middle ear through these defects. The dural and tegmen 
defects were reconstructed using a temporal muscle fascia graft and 
autogenous fibrin glue (Figure 3). The removed bone window was 
then replaced. A temporal muscle flap was constructed and sutured 
over the bone. A CSF diversion was not performed. We observed no 
complications during or after surgery. The patient was discharged 4 

days after surgery with improvement in his hearing loss. Preopera-
tively, the pure-tone audiometry threshold in the right ear was mea-
sured 45 dB with air conduction and 22 dB with bone conduction, 
while the postoperative threshold was 30 dB with air conduction and 
the bone conduction threshold was the same.

Case 2
A 48-year-old female was admitted to the emergency room with 
headache and fever. The patient had neck stiffness and was diag-
nosed as having meningitis by lumber puncture and CSF examina-
tion. After treatment of meningitis in the infectious diseases depart-
ment, the patient was referred to our clinic because of a suspected 
right-sided mastoiditis in cranial CT examination. She was diagnosed 
as having a right-sided tegmen tympani defect through temporal 
HRCT and underwent operation via the middle cranial fossa ap-
proach (Figure 4). Multiple bone defects, with the largest being 1 cm 
in diameter, were detected on the tegmen tympani. The dural and 
tegmen defects were repaired by using tensor fascia lata, auricular 
conchal cartilage grafts, and autogenous fibrin glue. We observed 
no complications during or after surgery. After the surgery, the pa-
tient was followed up for 5 days at the service and was discharged 
later. Preoperatively, the pure-tone audiometry threshold in the right 
ear was 43 dB with air conduction and 21 dB with bone conduction, 
while the postoperative threshold was 23 dB with air conduction and 
20 dB with bone conduction.

Case 3
A 71-year-old female with a history of an operation due to CSF rhi-
norrhea 3 months ago experienced left ear fullness and otorrhea. The 
patient had no history of trauma or additional disease other than hy-
pertension and diabetes mellitus. Temporal HRCT revealed a 0.5-cm 
defect in the tegmen tympani of the left ear (Figure 5).

The patient underwent surgery through the middle cranial fossa ap-
proach with the same procedure. The dural and tegmenal defects 
were repaired using a galeal graft, fat removed from the abdomen 
and autogenous fibrin glue. The removed bone window was then 
replaced. Preoperatively, the patient underwent CSF drainage and it 
was terminated 2 days after surgery. We observed no complications 
during or after surgery. After the operation, the patient was followed 
up for 4 days and was discharged with no problems, such as infec-
tion and hearing loss. No otorrhea or rhinorrhea was detected in the 
patient’s 1-year follow-up. Preoperatively, the pure-tone audiometry 
threshold in the left ear was 38 dB with air conduction and 18 dB with 
bone conduction, while the postoperative threshold was 21 dB with 
air conduction and the bone conduction threshold was the same.

We obtained written informed consent from the patients.

DISCUSSION
Spontaneous cerebrospinal fluid leakage usually depends on trau-
ma, surgery, chronic ear disease, or neoplasms. Spontaneous CSF 
otorrhea is rarely encountered. Persistent MEE, hearing loss, recur-
rent meningitis, or pulsatile otorrhea after myringotomy may indi-
cate CSF leakage. Although the pathophysiology is not clear, defects 
are most frequently detected in the tegmen tympani (middle cranial 
fossa) in patients with CSF otorrhea and less frequently in the poste-
rior fossa [1].

Figure 5. Coronal section HRCT. Dashed lines indicate left-sided tegmen tym-
pani defect

Figure 4. Coronal section HRCT. Dashed lines indicate right-sided tegmen 
tympani defect

Figure 3. Intraoperative view. Defect repair with temporal fascia and autoge-
nous fibrin glue via the middle cranial fossa approach
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Two theories may explain tegmen tympani defects of the temporal 
bone without trauma, which include the congenital theory and arach-
noid granulations theory. The congenital theory suggests that the tiny 
openings that occur within the tegmen are due to abnormal embryon-
ic development. These spontaneous tegmen defects typically appear 
bilaterally [1, 3]. The theory is supported by the knowledge that bony 
pathways present at birth can persist after birth and become a path-
way for pathogens to enter the CSF space. A widely patent cochlear 
aqueduct, a tympanomeningeal fissure of Hyrtl, or internal auditory 
canal communication with vestibule are the possible pathways [3].

The arachnoid theory by Gacek et al. [11] suggests that some arach-
noid granulations that have failed to find venous terminations during 
embryonic development may penetrate the dura mater. With ad-
vancing age, the granulations enlarge and cause defects in the bony 
surfaces [1, 3, 8]. This is a way between the CSF space and mastoid air 
cells. The otorrhea with tegmen tympani defects can cause conduc-
tive hearing loss and predispose to meningitis.

In contrast, some demographic characteristics are associated with 
CSF otorrhea. Middle-aged and obese (body mass index [BMI] >30 
kg/m2) women with increased ICP or patients with idiopathic intra-
cranial hypertension are affected more than others [1].

MRI and CT are two main imaging modalities for CSF otorrhea. HRCT 
is the most suited imaging methods for bone anatomy and morphol-
ogy of the otic capsule [8]. If otorrhea is diagnosed with β2-transfer-
rin, glucose, and β-trace protein analysis, the CT can generally shows 
bone defects [2, 3]. Stone et al. [12] determined that HRCT showed de-
fects in 30 of 42 patients (71%) with otorrhea. CT cisternography and 
radionuclide cisternography can be used if a defect is not detected 
on CT. However, if the leak is with low volume or is intermittent, imag-
ing will give false-negative results; comorbidities of lumbar puncture 
and radioactive materials should be considered.

MRI is useful to demonstrate dural defects and herniated brain tissue, 
but it is not adequate for bone defects. High signal on T2WI and low 
signal on T1WI in the middle ear cavity confirms CSF leakage. Whereas 
low signal may be due to the herniation of dura through the defect, it 
is surrounded with a high signal of CSF on T2WI. MRI with gadolinium 
contrast can demonstrate herniation of an encephalocele through the 
tegmen on T1WI [5, 8]. As such, MRI is useful for operation planning.

Surgical approaches vary according to the size and location of the 
tegmental defect and the experience of the surgeon. The most wide-
ly accepted approach to small defects is the transmastoid approach, 
which is minimally invasive. However, posterior fossa leaks can only 
be approached through the mastoid, and cavity obliteration is usual-
ly necessary. For large, multiple or posterior defects, a more invasive 
surgical approach may be needed. Some defects in tegmen tympani 
can be repaired through a combined approach without disturbing 
the ossicular chain. However, more medially and anteriorly located 
defects makes ossicular disruption inevitable. Hence, the decision is 
made regarding the hearing status of the surgical ear and healthy 
ear. Irrespective of the surgical approach preferred, multilayer clo-
sure is accepted by many neurotologists [1, 3, 7]. CSF diversion can be 
an additional management option with surgery, particularly in pa-
tients with high BMI and ICP [6, 10]. Diversion or shunting of CSF is not 
recommended before primary closure of the defect, since this can 

predispose to bacterial contamination from the temporal bone and/
or mastoid, which may result in meningitis [6].

CONCLUSION
Spontaneous cerebrospinal fluid (CSF) is rarely seen in adults and it is 
usually associated with tegmen tympani defects. HRCT is used to show 
bone anatomy and defects, and MRI is useful to demonstrate dural de-
fects and herniated brain tissue. Transmastoid approach, middle fossa 
craniotomy, or combined approach are the options of the surgical ap-
proach. We operated three patients who had spontaneous CSF otor-
rhea, using the middle cranial fossa approach via craniotomy.
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