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Introduction

Transtegmental brain herniation is considered a rare cause of
rhinoliquorrhea, although some small series of this entity
have been published during recent years in the neuro-oto-
logic and neurosurgical literature.1–4 After early speculations
about some congenital origin as embryogenic faults in the
dura mater and adjacent tegmen,5 other causes are favored at
present because the herniations appeared later in life, and
there are some hints about increased intracranial pressure
(IIP) and hyperpneumatization of the petrous bone as
contributing factors.

In this respect, our case shows a combination of several
typical clinical and imaging findings illustrating the ongoing
etiologic discussion about brain herniation in the middle
cranial fossa.

Case Report

Some days after a concerted and ultimately unsuccessful
effort to suppress coughing and not disturb his sleeping
wife, a 54-year-old man experienced a nasal discharge that
was characterized as cerebrospinal fluid (CSF) by laboratory
examination. There were no further complaints except for
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Abstract Background and Importance Transtegmental brain herniation into the petrous bone
is a rare cause of rhinoliquorrhea. Our case presents a combination of several typical
clinical and imaging findings illustrating the ongoing etiologic discussion of such
cerebrospinal fluid (CSF) fistulas.
Clinical Presentation A 53-year-old man presented with nasal discharge after a strong
effort to suppress coughing. Imaging revealed a transtegmental herniation of parts of
the inferior temporal gyrus into the petrous bone and in addition a combination of signs
of chronically increased intracranial pressure and a hyperpneumatization of the petrous
bone. The fistula was closed by a middle cranial fossa approach.
Conclusion The case illustrates the two main predisposing factors for development of
petrous bone CSF fistulas: increased intracranial pressure and thinning of the tegmental
roof due to extensive development of air cells. Because the CSF leakage repair does not
change the underlying cause, patients have to be informed about the possibility of
developing increased intracranial pressure and recurrences of brain herniations at other
sites.
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occasional headaches and some “numbness” of his right ear,
and neurologic and other clinical findings were normal. In
particular, there were no signs of visual disturbances, hor-
monal deficiencies, or convulsions.

Nine months later, computed tomography (CT) (►Fig. 1)
imaging revealed a collection of soft tissue and fluid in the
right cavum tympani and pyramidal air cells together with a
bony defect of the anterior part of the tegmen, whereas the
left petrous bone presented as hyperpneumatized together
with an obvious thinning of the tegmental plate.

In magnetic resonance (MR) imaging( ►Fig. 2–4), the soft
tissue was identified as a herniation of the lateral inferior
gyrus of the temporal lobe into the petrous bone together
with an accompanying focal gliosis and widening of the
temporal horn, but without alterations of the hippocampus.
In addition, we saw an enlargement of the supratentorial part
of the ventricular system together with a stenotic aqueduct

and a partial destruction of the septum pellucidum, an
“empty” sella, a moderately enlarged prepontine cistern,
and slightly enlarged subdural spaces around both optic
nerves that altogether were interpreted as signs of chronically
IIP.

The patient was operated on using a subtemporal middle
cranial fossa approach. The herniated parts were resected,
and the dural tear (►Fig. 5) could be closed by duraplasty
using a temporal muscle implant. To avoid complications in
the absence of evident clinical signs of the IIP, we decided not
to apply any shunting or ventriculostomy but to follow the
course closely. For 3 months, the patient has been free of
symptoms without any further nasal discharge or enlarge-
ment of the ventricles on CT.

Discussion

Because of the close temporal relations, the final origin of the
transtegmental herniation of the inferior temporal gyrus into
the petrous bone can be attributed to a forced coughing
suppression effort that usually accompanies a sudden rise
of intracranial pressure in the sense of a Valsalvamaneuver. In
this sense, our classification of the fistula as a “spontaneous”
one appears to be justified.

More interesting than its classification is the discussion of
predisposing factors because without a doubt, the develop-
ment of such herniations and fistulas after coughing remains
an unusual event. Just recently, the close relationship be-
tween spontaneous CSF fistulas and IIP was pointed out in the
ophthalmic literature6 because of (1) similar demographics of
the patients’ cohort showing a high body mass index,7,8 (2)
development of IIP after closure of these fistulas,6 and (3) a
higher recurrence rate of CSF fistulas in patients with IIP that
may require ventriculoperitoneal shunting.9

In our case, MR imaging revealed various signs of chroni-
cally IIP within the ventricular system (enlarged ventricles
proximal to the stenosed aqueduct including a bulging of the
floor of the third ventricle) and within the subdural and

Fig. 1 Computed tomography image of temporal bone, coronal
reconstruction, at the level of the cavum tympani (upper image) and
the mastoid (lower image). Defect in the right tegmen and opacifi-
cation of the cavum and adjacent air cells. Extensive pneumatization of
the contralateral petrous bone and thinning of its tegmental plate.

Fig. 2 Magnetic resonance imaging of the middle and posterior cranial fossa, transversal sections, T1-weighted (right image) and T2-weighted
(left image). Transtegmental herniation of the inferior temporal gyrus, opacification of the adjacent air cells, and “empty sella.”
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subarachnoid space as the “empty” sella sign, an enlarged
prepontine cistern, and a distension of the perioptic nerve
sheaths.10–12 The extensive defects in the septum pellucidum
also might be due to a secondary destruction as it has been
described in other cases of aqueductal stenosis, but also in
porencephaly and Chiari type 2 malformations.13 Although a
maldevelopmental genesis cannot be ruled out completely,
other signs of septo-optic dysplasia or involvement of the

corpus callosum or the limbic system were not present, and
isolated septal agenesis is extremely rare.14,15

Together with IIP, increased amplitudes of pulsatile CSF
pressure waves are responsible for scalloping of the floor of
the middle cranial fossa, mainly the anterior aspect of the
petrous bone. This might explain why the anterior part of the
pyramids is more susceptible to the development of fistulas
and herniations as compared with the posterior side,16 and
bilateral cases have been reported.17 The higher frequency of
aberrant arachnoid granulations on the anterior part of the
tegmenmay be another reason for the uneven distribution of
herniations between the anterior and posterior face of the
petrous bone.18

A second predisposing factor may be seen in the vast
amount of air cells occupying the lateral parts of the petrous
bone in our case because hyperpneumatization has been
described as a risk factor for the development of CSF fistulas
after retrosigmoidal removal of a vestibular schwannoma.19

Hyperpneumatization usually goes together with a thinning

Fig. 3 Magnetic resonance imaging of midline structures, paramedian sections, T1-weighted. Enlargement of third ventricle with bulging of
ventricular floor, “empty sella,” enlargement of prepontine cistern, and extensive defects of the septum pellucidum.

Fig. 4 Magnetic resonance (MR) at the level of the petrous bone
(upper image) and orbita (lower image), T2 weighted. Transtegmental
herniation, dilatation of right temporal horn and adjacent, increase in
signal of temporal white matter indicating focal gliosis. Dilatation of
lateral and third ventricle and (partial) destruction of septum pellu-
cidum. Distension of cerebrospinal fluid space around the optic nerve.

Fig. 5 Intraoperative situs after craniotomy showing a sonde passing
from the middle cranial fossa through the dural tear into the cavum
tympani.
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of the tegmental plate and thus decreases the resistance of the
floor of the middle cranial fossa to chronic pressure wave
erosions. In a similar sense, incomplete chondral ossification of
specific parts of the tegmental plate has been proposed to
increase the risk for development of herniations and fistulas.20

The treatment of herniations and CSF fistulas of the
petrous bone is usually done by surgery, through a trans-
mastoid approach,21,22 amiddle cranial fossa approach,23 or a
combination of both, sometimes after application of transient
CSF drainage. They all show a high success rate of permanent
closure.9 In our case, a subtemporal approach was chosen in
order not only to repair the dural defect but also to preserve as
much from the herniated temporal brain tissue as possible.
However, some gliotic scarring in the laterobasal aspect of the
temporal lobe was present before the operation, and this
finally may turn out to be epileptogenic.24,25

Conclusion

The case reported here presents the rather rare finding of a
transpetrosal CSF fistula due to brain herniation, and it
illustrates the two main predisposing factors: chronically
IIP and a thinning of the tegmental plate. Because the opera-
tive repair of the fistula does not eliminate these factors,
further potential sites of fistula development at the floor of
the anterior and middle cranial fossa have to be explored by
imaging, and in addition, patients have to be informed about
symptoms of IIP that may develop after closure of CSF leaks.
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