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Objective: The aim of this study was to show the MRI

findings of petrous apex cephalocoele (PAC) and the

other intracranial pathologies that coexist with PAC, and

to discuss the contribution of the co-existing pathologies

to aetiopathogenesis.

Methods: A retrospective analysis of our imaging archive for

the period from January 2012 to October 2013 revealed 13

patients with PAC (12 females and 1 male; age range, 26–69

years). 11 patients underwent MRI examination of the cranium,

and 2 patients underwent MRI examination of the sellar

region. We evaluated the lesions for content, signal intensity,

enhancement, relation to petrous apex and Meckel’s cave.

Images were also evaluated for coexisting pathologies.

Results: The presenting symptoms included headache,

vertigo, cerebrospinal fluid (CSF) leak and trigeminal

neuropathy. All patients had PAC. All lesions were

located posterolateral to the Meckel’s cave and were

isointense with CSF signal on all pulse sequences. All

lesions were continuous with Meckel’s cave. Coexisting

pathologies included intracranial aneurysmal dilatation,

empty sella, mass in hypophysis, arachnoid cyst, inferior

herniation of parahippocampal gyrus and optic nerve

sheath CSF distension.

Conclusion: Coexistence with other intracranial pathol-

ogies supports the possibility of CSF imbalance and/

or intracranial hypertension in the aetiopathogenesis

of PAC.

Advances in knowledge: This study examined the

contribution of the co-existing intracranial pathologies

to the aetiopathogenesis of PAC.

Petrous apex cephalocoele (PAC) is a rare cystic lesion of
the petrous apex. It is characterized by herniation of the
posterolateral wall of Meckel’s cave into the petrous apex. It
is also referred to as arachnoid cyst or meningocele. The
aetiopathogenesis has not yet been clearly explained. It may
be congenital or acquired. PAC may be detected in-
cidentally in asymptomatic patients and does not necessi-
tate treatment. However, it may lead to trigeminal
neuropathy or leakage of cerebrospinal fluid (CSF) in some
patients and may necessitate surgical treatment.1,2

Mucocele, trapped fluid, cholesterol granuloma, cholesteatoma,
trigeminal cystic schwannoma and petrous apicitis may be
considered in the differential diagnosis of petrous apex lesions.3,4

The coexistence of PAC and empty sella or arachnoid cyst has
been reported in the literature and was suggested to support the
possible role of disturbance of CSF circulation in pathophysi-
ology.2,5 In this study, we report the largest series of patients
with PAC and other coexistent intracranial pathologies.

The aim of this study was to show the MRI findings of
patients with PAC and coexistent intracranial pathologies,

and to discuss the contribution of the coexisting pathol-
ogies to the aetiopathogenesis of PAC.

METHODS AND MATERIALS
This was a retrospective study, and a waiver was obtained
from our institutional review board. A retrospective anal-
ysis of our imaging archives in the period extending from
January 2012 to October 2013 revealed 13 patients with
PAC (12 females and 1 male; age range, 26–69 years). All
patients had undergone MRI examination (11 patients had
undergone MRI examination of the cranium and 2 patients
had undergone MRI examination of the sellar region). The
images had been obtained using two distinct instruments,
namely the 1.5-T Excite (GE Healthcare, Milwaukee, WI)
and the 1.5-T Optima 450W (GE Healthcare). For the
cranial MRI, spin echo T1 weighted images [repetition time
(TR), 500ms; echo time (TE), 9.6 ms; slice thickness,
5 mm; interslice gap, 1.5 mm; field of view (FOV),
243 18 cm; matrix, 3203 192; number of excitations
(NEX), two], fast-recovery fast spin echo T2 weighted
images (TR, 4,240ms; TE, 98.1ms; slice thickness, 5mm;
interslice gap, 1.5mm; FOV, 24318 cm; matrix, 3523224;
NEX, two) and fluid-attenuated inversion recovery
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(FLAIR) images (TR, 8,402ms; TE, 95.5ms; slice thickness,
5mm; interslice gap, 1.5mm; matrix, 2883 192) were obtained.
Diffusion-weighted sequence (TR, 10,000ms; TE, 85.8ms; slice
thickness, 4mm; interslice gap, 1mm; matrix, 1283 128) were
performed with echo planar single-shot spin echo imaging with
b-values of 0 and 1000 smm22. Diffusion gradients were applied
in three orthogonal directions to generate three sets of diffusion-
weighted imagings (x, y and z axes). Apparent diffusion co-
efficient (ADC) values were automatically calculated. For MRI of
the hypophysis, pre-contrast and post-contrast spin echo
T1 weighted sequences (TR, 675,00ms; TE, 10.30ms; slice
thickness, 3mm; FOV, 163 16 cm; matrix, 3203 224; NEX,
three), spin echo T2 weighted sequences (TR, 3000ms; TE,
87.24ms; slice thickness, 3mm; FOV, 163 16 cm; matrix,
3203 224; NEX, three) were obtained in the sagittal and the
coronal plains. Three-dimensional fast imaging employing
steady-state acquisition (3D-FIESTA; TR, 4,8ms; TE, 1.4ms;
slice thickness, 0.5mm; FOV, 18318 cm; matrix, 3523192;
NEX, four) sequences were additionally obtained in three patients.
The axial T2 weighted fast-recovery fast spin echo sequence was
used to measure optic nerve sheath diameter (ONSD). The axial
image slice that provided the best view of the ONSD was chosen.
The ONSD was measured in an axis perpendicular to the optic
nerve, 3mm behind the globe.6 The images were evaluated
by two experienced radiologists. Agreement between the two

radiologists was reached in consensus after careful individual
evaluation. The lesions were evaluated for content, signal in-
tensity, relation to Meckel’s cave and petrous apex. Images were
also evaluated for the coexisting intracranial pathologies.

RESULTS
Ten patients presented with headache, one with vertigo, one with
rhinorrhoea and one with trigeminal neuropathy. The patient
with rhinorrhoea had a history of two duroplasties and men-
ingitis in the past.

Eight patients had bilateral PAC, two had right PAC and three
had left PAC. All lesions were located in the posterolateral
portion of Meckel’s cave. On MRI, all lesions were isointense to
CSF signal intensity on all pulse sequences (low signal intensity
on T1 weighted and FLAIR images, and high signal intensity on
T2 weighted images). All lesions were continuous with Meckel’s
cave. In 11 patients, there was no diffusion restriction on
diffusion-weighted images and the ADC map. We did not obtain
diffusion-weighted imaging in two patients who had undergone
pituitary MRI.

Eight patients had coexisting empty sella (Figure 1a–g). There
were aneurysmal dilatations in the cavernous segment of the
right internal carotid artery and the middle cerebral artery

Figure 1. A 38-year-old female presented with headache. Axial T1 weighted (a), axial T2 weighted (b), coronal T2 weighted (c) and

axial fluid-attenuated inversion recovery (d) MR images show bilateral petrous apex cephalocoele with cerebrospinal fluid content

continuous with the Meckel’s cave (arrows). Diffusion restriction is not noted on a diffusion-weighted image (e). Sagittal T1 weighted

MR image shows coexistent empty sella (f). Axial T2 weighted MR image shows coexistent bilateral optic nerve sheath diameter

distention (g).
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bifurcation, which were ipsilateral to PAC in one patient
(Figure 2a–d). A left frontotemporal arachnoid cyst coexisting
with PAC was observed in one patient (Figure 3a–e). In an-
other patient, inferior herniation of the parahippocampal
gyrus was observed on the left and also its indentation into the
anterior aspect of the cysternal segment of the trigeminal
nerve was seen (Figure 4a,b). A mass was detected in the
hypophysis gland, coexisting with bilateral PAC in one patient.
The patient had undergone a surgical intervention, and its
pathology had been reported as granulomatous hypophysitis
(Figure 5a–d). Optic nerve sheath distension and flattening of the
posterior globes was observed in three patients as accompanying
findings (Figure 1a–g).

DISCUSSION
PAC is a rare lesion of the petrous apex.1 Cholesterol granuloma,
cholesteatoma, apical petrositis, effusion or PAC should be con-
sidered in the differential diagnosis when a cystic mass is detected
in the petrous apex.2,7 PAC is characterized by herniation of the
posterolateral wall of Meckel’s cave into the petrous apex. None of
the lesions mentioned in the differential diagnosis derive from

Meckel’s cave, except for PAC. Inflammatory lesions are derived
within the petrous apex and may cause expansion. PAC, on the
other hand, is derived from Meckel’s cave and is extended into the
petrous apex in a secondary manner.1,2,8 The FLAIR and diffusion-
weighted imaging sequences used in MRI play an important role in
characterization of petrous apex lesions.2 Cholesterol granulomas
show hyperintensity in T1 weighted and T2 weighted sequences.
The signal intensity of mucoceles is the same as that of effusions;
however, mucoceles may demonstrate peripheral contrast uptake
following administration of the contrast agent.9–13

Moore et al1 have reported the largest series of ten patients
with PAC. Eight of the ten patients were female. Three patients
underwent surgery because of trigeminal neuropathy or otor-
rhoea. The surgical diagnosis was meningocele in two patients
and arachnoid cyst in one patient. In the non-operative group,
one patient had trigeminal neuralgia and the remaining
patients were asymptomatic.

Alorainy2 reported a group of five patients with PAC (four
females and one male; age range, 25–60 years). The presenting

Figure 2. A 66-year-old female presented with headache. Coronal T2 weighted MR image showing petrous apex cephalocoele

(double arrow) on the right side (a). Axial T2 weighted (b), sagittal T1 weighted MR images (c) and digital subtraction angiography

(d) demonstrate aneurysmal dilatation of the right internal carotid artery (arrow).
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symptoms in all patients were not attributable to PAC (three
patients presented with tinnitus and two patients presented with
headaches). Four patients had bilateral PAC and one had left
PAC. All patients had coexisting empty sella, and one patient had
small arachnoid cyst in the middle cranial fossa.

Hatipoğlu et al5 reported a group of four patients with PAC (four
females; age range, 41–60 years). All patients were asymptomatic
(three patients presented with headache and one patient presented
with diplopia). All patients had bilateral PAC. Three patients had

coexisting empty sella, and one patient had arachnoid cyst in the
Sylvian fissure.

8 (61.5%) of the 13 patients with PAC in our group had coex-
isting empty sella. Many studies in the literature have reported
the development of primary empty sella as a result of impaired
CSF absorption. It has been reported that as a result of impaired
CSF absorption, intracranial pressure (ICP) is increased; CSF
and the meninges are herniated into the missing diaphragma
sella; and an empty sella develops.13–15

Figure 3. A 26-year-old male complaining of headaches. Coronal T2 weighted (a) and axial T2 weighted (b) MR images show bilateral

petrous apex cephalocoele. Coronal (a), axial T2 weighted (c), axial fluid-attenuated inversion recovery (d) and diffusion-weighted

(e) MR images show coexistent arachnoid cyst (arrows) on the left side.

Figure 4. A 30-year-old female presented with trigeminal neuralgia. Axial T2 weighted (a) and coronal T2 weighted (b) MR images

show bilateral petrous apex cephalocoele (double arrow) and inferior herniation of parahippocampal gyrus on the left side (arrow).
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Many investigators have reported a strong relationship between
empty sella and spontaneous CSF leakage. Female predominance
is apparent in these groups. Schlosser and Bolger14 have reported
empty sella in all 15 patients with spontaneous rhinorrhoea and
in 1 of 9 patients with non-spontaneous rhinorrhoea. Shetty et al13

detected empty sella in 7 of 11 patients with spontaneous rhi-
norrhoea. Prichard et al15 found empty sella in five of seven
patients treated owing to CSF otorrhoea.

CSF leakage in the form of otorrhoea or rhinorrhoea has been
reported in 7 of 22 patients with PAC in the literature. All of
these patients were children between 4 and 13 years of age (three
males, four females). The reasons for admission were recurrent
meningitis, postural headache and transmission-type hearing
loss.1,8,16–18 Only one of the patients in the paediatric group had
no CSF leakage.9 Although other theories have also been sug-
gested, spontaneous CSF leakage is believed to arise from defects
in the skull base as a result of the increase in ICP.13–15

1 of the 13 patients with PAC in our group had a coexisting left
frontotemporal arachnoid cyst. Arachnoid cysts are developmental

cavities that are located within the arachnoid membrane. They are
surrounded by collagen and arachnoid matter cells.9 It has been
reported that pulsatile CSF pressure may cause protrusion of the
arachnoid granulomas from the weak points of the underlying
dura layer and may have an effect in the formation of arachnoid
cysts.7 Alorainy2 had detected empty sella in all five patients with
PAC and arachnoid cyst in the middle cranial fossa in one patient.
Hatipoğlu et al5 have reported empty sella in all four patients with
PAC and arachnoid cyst in the Sylvian fissure in one patient.

1 of the 13 patients with PAC in our group was male and 12 were
female (age range, 26–69 years). Bilateral and unilateral PACs
were detected in eight and five of the patients, respectively. All of
the lesions were isointense with CSF in all sequences and
demonstrated continuation with Meckel’s cave. The reasons for
presentation to the hospital were rhinorrhoea in one patient,
trigeminal neuralgia in one, and headache and vertigo in
the remaining patients. PAC was accompanied by empty sella in
7 of the 13 patients. Three of these patients were determined
to have bilateral PAC and four were found to have unilateral
PAC. In one patient, bilateral PAC was accompanied by a left

Figure 5. A 48-year-old female presented with irregular menstrual cycles. Coronal T2 weighted (a) and axial T2 weighted (b) MR

images show bilateral petrous apex cephalocoele (arrows). Sagittal T1 weighted pre-contrast (c) MR image shows pituitary

expansion (arrow) and focal hypointense area inside of the gland (asterisk). Sagittal T1 weighted post-contrast (d) MR image shows

non-enhancing cystic lesion (asterisk) in homogeneously enhancing pituitary gland (arrow).
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frontotemporal arachnoid cyst. These findings support the studies
of Alorainy2 and Hatipoğlu et al.5

One of our patients (a 45-year-old female patient) had rhinor-
rhoea. Coexistence of PAC and rhinorrhoea has only been
reported in paediatric patients in the literature.1,16–18 This is the
first time that this coexistence is being reported in adult patients.
The patient had bilateral PAC, and previous meningitis was
present in her history. In the same patient, the findings were
accompanied by bilateral optic nerve sheath CSF distention. No
CSF leakage has been reported in adult patients with PAC in the
literature.

Geeraerts et al6 have demonstrated that distension of the ONSD is
related to ICP. The optic nerve is surrounded by CSF, which shows
continuity with intracranial CSF. When the ICP is increased, dis-
tension can be observed in the optic nerve sheath.19–22 Fat-
suppressed T2 weighted sequence of the MRI can be used in the
measurement of the ONSD.23,24 If the ONSD turns out to be
.5.82mm, the probability of increased ICP is 90%.18 In our study,
optic nerve sheath distension was detected in 3 out of 13 patients
(the ONSD was .5.82mm in all 3 patients). There was also
flattening of the posterior globes on imaging. All of the three
patients were female, and also bilateral PAC was present in all of
them. Empty sella coexisted in two of the three patients. Two of
the patients were asymptomatic and one had rhinorrhoea.

Maira et al25 performed continuous ICP monitoring on 11 patients
with idiopathic empty sella syndrome. 27% of the patients had
elevated ICP while awake, 45% had elevated ICP while in rapid eye
movement sleep and only 27% had normal ICP at all times. The
spectrum of intracranial hypertension probably begins with
milder, intermittent forms and ends with more severe forms that
develop benign intracranial hypertension or pseudotumour cere-
bri.14 Although ICP was not measured in the reported cases of our
study, this would explain why distention of ONSD was present
only in 3 of the 13 patients with PAC in this study.

Schlosser and Bolger14 and Prichard et al15 determined a corre-
lation between empty sella and spontaneous CSF rhinorrhoea
and otorrhoea in their studies. The role of elevated ICP in
spontaneous CSF otorrhoea/rhinorrhoea has also been reported.14,15

In this study, the coexistence of PAC and empty sella, arachnoid
cyst, CSF leakage and optic nerve sheath distension have been
presented. The female predominance is apparent in our study
(92.3%). These findings demonstrate that impaired CSF ab-
sorption and an increase in ICP may play a role in the aetio-
pathogenesis of PAC.

To our knowledge, there is no previous report of coexistence of
PAC with aneurysmal dilatation, hypophyseal mass or herniation
of the parahippocampal gyrus. Considering that raised ICP is
one of the major causes of PAC,2,5 it would be possible to discuss
its role if ICP was measured in the reported cases, which is
a limitation of this study. To clarify the aetiopathogenesis of
PAC, it seems important to measure ICP in future cases.

The differentiation between cholesteatoma and PAC should be
made accurately in order to avoid unnecessary surgical
interventions.1,8,18 Cholesteatomas demonstrate high signal in-
tensity, and PAC demonstrates low signal intensity in FLAIR
sequences.9,10 Cholesteatomas demonstrate diffusion restriction
in diffusion-weighted images and are observed as hyperin-
tense.11 In this study, diffusion-weighted imaging was performed
in 11 patients, and cholesteatoma was excluded from the dif-
ferential diagnoses.

The 3D-FIESTA sequence was used in three patients in our
study. The 3D-FIESTA sequence provides optimal imaging of
the cranial nerves and the anatomical details of small vascular
structures. High-resolution, high-quality images can be
obtained, and the images can be easily reformatted in any
plane with excellent quality.26–28 With these properties, the
3D-FIESTA sequence has been quite effective in demonstrat-
ing the relationship between the extensions of PAC and the
neighbouring structures and in the imaging of the trigeminal
nerve.

CONCLUSION
Although the number of patients in this report does not allow
for statistical inferences or definite conclusions, the coexistence
of PAC with arachnoid cyst, empty sella, distension of ONSD or
otorrhoea/rhinorrhoea supports the possibility of CSF imbal-
ance and/or intracranial hypertension in the aetiopathogenesis.
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