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INTRODCUTION:  Petrous  apex  cephaloceles  are characterized  by  herniation  of  Meckel’s  cave  into  the
petrous  apex.  An  extensive  review  of the  literature  reveals  20  cases  of bilateral  petrous  apex  cephaloceles.
This  article  reports  an  additional  case  of  bilateral  petrous  apex  cephaloceles  and  reviews  the  pertinent
literature.
PRESENTATION  OF  CASE:  A  64-year-old  female  was  referred  from  a primary  care  clinic  due  to  longstanding
headache.  A  non-enhanced  CT  scan  of the  brain  revealed  osteolytic  bony  lesions  at  the petrous  apices
and  an  empty  sella.  A  brain  MRI  with  contrast  showed  CSF-containing  lesions  in  the  petrous  apices,
communicating  with  Meckel’s  cave  bilaterally.  The  patient  was  managed  conservatively  and  is  currently
followed  up  in the  neurosurgery  clinic.
DISCUSSION:  While  the  exact  etiology  remains  uncertain,  petrous  apex  cephaloceles  are  postulated  to
originate  from  sustained,  chronic  elevation  of  intracranial  pressure.  On  MRI,  petrous  apex  cephaloceles
display  signal  intensities  resembling  CSF  throughout  all sequences.  They  demonstrate  well-defined  mar-

gins continuous  with  Meckel’s  cave.  CT scans  allow  further  characterization,  i.e. invasive  erosions,  of  the
osseous  structures  in  patients  with  petrous  apex  cephaloceles.
CONCLUSION:  A thorough  understanding  of the  petrous  apex  anatomy  and  its  pathological  lesions  is
paramount.  A  brain  MRI  remains  the  diagnostic  imaging  of  choice  to characterize  petrous  apex  cephalo-
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. Introduction

The petrous apex is a pyramidal-shaped structure located within
he medial portion of the temporal bone that may  harbor several
natomical and pathological lesions [1]. Considering the intricate
natomical location of the petrous apex and the inability to directly
xamine such lesions therein, a radiographic assessment to delin-
ate petrous apex lesions is of utmost importance. Petrous apex
esions are categorized into either; lesions mandating a surgical
ntervention or non-operative lesions that are discovered inciden-
ally [2].
Petrous apex cephaloceles (PAC) are rare lesions that are
haracterized by cystic appearance, on radiological imaging, and
xtension of the posterolateral aspect of Meckel’s cave into the

Abbreviations: PAC, petrous apex cephalocele; CSF, cerebrospinal fluid.
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superomedial portion of the petrous apex [1,3]. Petrous apex
cephaloceles are usually asymptomatic lesions that can be uni-
lateral or bilateral. The differential diagnosis of petrous apex
cephaloceles is broad. However, it includes cholesterol granuloma,
petrous apex effusions, cholesteatoma, apical petrositis, and muco-
celes [3].

Considering the rarity of bilateral petrous apex cephaloceles,
this article discusses the clinical presentation and radiological find-
ings of a 64-year-old female diagnosed with bilateral petrous apex
cephaloceles.

2. Case description

A 64-year-old female, known to have diabetes and hypertension,
was referred from a primary care clinic due to chronic headache.
Further history revealed that the patient had chronic allergic sinusi-
tis and laryngitis.

Physical examination revealed that the patient was alert and

oriented to time, place, and person with a GCS of 15/15. There
were no cranial nerves deficits. The muscle power was grade
5/5 in all myotomes. Sensation was intact to light touch, pin-
prick, and vibration. Deep tendon reflexes (DTR) were grade +2

p Ltd. This is an open access article under the CC BY license (http://creativecommons.

https://doi.org/10.1016/j.ijscr.2020.06.021
http://www.sciencedirect.com/science/journal/22102612
http://www.casereports.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijscr.2020.06.021&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:AlkhaibaryA@hotmail.com
mailto:fmusonag@yahoo.com
mailto:Almunt@yahoo.com
mailto:Alarifi100@hotmail.com
https://doi.org/10.1016/j.ijscr.2020.06.021
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


CASE  REPORT  –  OPEN  ACCESS
374 A. Alkhaibary et al. / International Journal of Surgery Case Reports 72 (2020) 373–376

Fig. 1. MRI  of the brain; (A-D) Coronal and axial steady state sequences / FIESTA. (E) Coronal T2 weighted images / T2WI with fat suppression. (F) Axial T1WI post contrast.
(G)  Sagittal T1WI. (A-F) The images demonstrate bilateral, lytic, expansile, lobular lesions extending from Meckel’s caves into the petrous apices. These lesions follow CSF
signal  on all sequences with no enhancement. (G) An associated empty sella is noted.
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ig. 2. Nonenhanced CT brain; (A-B) Coronal brain window. (C-F) Coronal and axia
esions  in the petrous apices with bone dehiscence of the inner cortex of the petrou

hroughout. Fundoscopic examination revealed no papilledema.

he pupils were 3 mm reactive to both light and accommoda-
ion with full extraocular movements. The patient had no diplopia
r ptosis. The visual acuity of the patient was  intact. Visual
e window. (A-F) There are bilateral, well-defined, lytic, expansile, fluid-containing
e.

field confrontation revealed an unremarkable temporal and nasal

vision.

Neuroimaging studies were performed to investigate the possi-
ble causes of her headache. The brain MRI  showed CSF-containing
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Table  1
Summary of all the reported cases of bilateral petrous apex cephaloceles in the literature.

No. Author, Year Age/Sex Presentation Management Empty Sella

1 Jakkani R [8], 2012 39/M Headache NA +
2  Hatipoglu HG [6], 2010 47/F Headache NA +
3  Hatipoglu HG [6], 2010 60/F Headache NA +
4  Hatipoglu HG [6], 2010 46/F Headache NA –
5  Hatipoglu HG [6], 2010 41/F Diplopia NA +
6  O’connell BP [5], 2016 56/F Tinnitus NA +
7  Moore KR [2], 2001 48/F Left III & V palsy Surgical –
8  Moore KR [2], 2001 82/F Bilateral SNHL Conservative –
9  Moore KR [2], 2001 66/F Head whooshing sensation Conservative –
10  Canan A [9], 2017 61/F Tinnitus Conservative –
11  Alorainy IA [3], 2007 25–60/F NA Conservative +
12  Alorainy IA [3], 2007 25–60/F NA Conservative +
13  Alorainy IA [3], 2007 25–60/F NA Conservative +
14  Alorainy IA [3], 2007 25–60/F NA Conservative +
15  Stark TA [10], 2009 58/M NA Conservative –
16  Jeong BS [11], 2011 42/F Tinnitus & hearing impairment Conservative +
17  Jeong BS [11], 2011 63/F Headache & leg weakness Conservative +
18  Hervey-Jumper SL [12], 2010 14/M Bacterial meningitis Surgical –
19  Kulkarni A [13], 2018 70/F Headache Conservative –
20  Kulkarni A [13], 2018 63/M Headache & vertigo Conservative –
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21  Present Case, 2020 64/F 

:  Male; F: Female; SNHL: Sensorineural Hearing Loss; NA: Not Available; (+): Pres

esions with no enhancement in the petrous apices bilaterally, com-
unicating with Meckel’s cave (Fig. 1). The non-enhanced CT scan

f the brain revealed bilateral osteolytic bony lesions in the petrous
pices with fluid density (Fig. 2).

Giving the benign nature of the lesion, neurosurgical interven-
ion was not indicated. The patient is currently followed up in the
eurosurgery clinic.

. Discussion

Most petrous apex cephaloceles are unilateral, incidental find-
ngs that are referred to as “leave-me-alone” lesions [2]. Bilateral
etrous apex cephaloceles, on the contrary, are extremely rare
ith only few cases reported in the literature. To our knowledge, a

eview of the literature revealed 20 cases of bilateral petrous apex
ephaloceles. Table 1 outlines the clinical presentation, manage-
ent, and the relation to empty sella syndrome of all reported cases

n the literature.
Around 80% (n = 16) of the reported cases were diagnosed in the

emale population. The youngest patient was diagnosed at the age
f 14, whereas the oldest patient was diagnosed at the age of 63.
ost patients (n = 7; 35%) presented with recurrent headaches.

innitus was the second most frequent complaint (n = 3; 15%).
ost patients were managed conservatively, and only two patients

nderwent surgical intervention.
Approximately half of the reported cases (n = 11; 55%) were

ssociated with empty sella syndrome. This makes the present case
he twelfth of its kind depicting simultaneous bilateral petrous apex
ephaloceles and empty sella syndrome.

To date, the exact etiology of petrous apex cephaloceles remains
ncertain. However, the most widely accepted theory explain-

ng the development of petrous apex cephaloceles is altered CSF
ynamics, leading to increased intracranial pressure in a congeni-
ally thin petrous apex bone [3,4]. In turn, this leads to a herniation
f the meninges and CSF through the weak points within the
kull from the posterolateral portions of Meckel’s cave. This might
xplain the co-occurrence of petrous apex cephaloceles with empty
ella syndrome [3,4].

Although petrous apex cephaloceles are usually asymptomatic

esions, they are considered as possible causes of CSF otorrhea, rhi-
orrhea, vertigo, trigeminal neuralgia, and meningitis [5]. If petrous
pex cephaloceles are symptomatic, surgical intervention might be
onsidered. However, a thorough clinical and radiological assess-
ache Conservative +

): Not present.

ment should be performed to exclude possible causes contributing
to symptomatic petrous apex cephaloceles [2,6].

It is imperative to differentiate petrous apex cephaloceles from
other lesions involving the petrous apex. A combination of CT scan
and MRI, including diffusion weighted and post gadolinium imag-
ing, can be considered to delineate such lesions [6].

On MRI, petrous apex cephaloceles display signal intensities
resembling CSF throughout all sequences. They are homogenously
hypointense on T1-weighted and hyperintense on T2-weighted
MRI. They do not demonstrate restriction on diffusion weighted
images nor enhancement following contrast injection. They
demonstrate well-defined margins that are continuous with
Meckel’s cave [5]. CT scans allow further characterization, i.e inva-
sive erosions, of the petrous apex osseous structures [7]. In the
present case, bilateral osteolytic changes of the petrous apices were
noted, suggesting a long-standing disease process.

4. Conclusion

Bilateral petrous apex cephaloceles are rare lesions with typ-
ical imaging features. Understanding the anatomy of the petrous
apex and its pathological lesions help in characterizing and estab-
lishing the diagnosis. A brain MRI  remains the diagnostic imaging
of choice. Most petrous apex cephaloceles are discovered inciden-
tally in patients presenting with chronic headaches. Patients with
bilateral petrous apex cephaloceles can be managed conservatively
with regular clinical and radiological follow-up in the neurosurgery
clinic.
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[9] A. Canan, K. Cira, Ö. Özbilek, K. Koç , C. Aksoy, Incidentally detected bilateral
petrous apex cephaloceles: CT and MRI  features, Neurol. India 65 (1) (2017).

10] T.A. Stark, A.M. McKinney, C.S. Palmer, R.H. Maisel, C.L. Truwit, Dilation of the
subarachnoid spaces surrounding the cranial nerves with petrous apex
cephaloceles in Usher syndrome, AJNR Am. J. Neuroradiol. 30 (February (2))
(2009) 434–436.

11] B.S. Jeong, G.J. Lee, J.C. Shim, G.J.M. Lee, M.Y. Nam, H.K. Kim, Petrous apex
cephalocele: report of two  cases and review of the literature, J. Korean Soc.
Ther. Radiol. Oncol. 64 (May (5)) (2011) 439–443.

12] S.L. Hervey-Jumper, A.K. Ghori, D.J. Quint, L.J. Marentette, C.O. Maher,
Cerebrospinal fluid leak with recurrent meningitis following tonsillectomy:
case report, J. Neurosurg. Pediatr. 5 (March (3)) (2010) 302–305.

13] A. Kulkarni, G. Naganur, G. Reddy, Petrous apex cephalocele: a retrospective
study in a tertiary care hospital, J. Pub. Health Med. Res. 6 (1) (2018) 8–13.

14] R.A. Agha, M.R. Borrelli, R. Farwana, K. Koshy, A. Fowler, D.P. Orgill, For the
SCARE Group, The SCARE 2018 statement: updating consensus surgical CAse
REport (SCARE) guidelines, Int. J. Surg. 60 (2018) 132–136.
uted under the IJSCR Supplemental terms and conditions, which
ion in any medium, provided the original authors and source are

http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0060
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0065
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://refhub.elsevier.com/S2210-2612(20)30422-3/sbref0070
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Bilateral petrous apex cephaloceles: Is surgical intervention indicated?
	1 Introduction
	2 Case description
	3 Discussion
	4 Conclusion
	Declaration of Competing Interest
	Sources of funding
	Ethical approval
	Consent
	Author contribution
	Registration of research studies
	Guarantor
	Provenance and peer review
	Ethical consideration
	References


