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Abstract
Many pat ients with otological symptoms are remit ted to the otolaryngology outpat ient  clinics 
every day. These pat ients commonly undergo imaging studies, generally magnet ic resonance 
imaging (MRI).  In some cases, a posit ive unilateral result  is found in the form of a potent ially 
pathological signal that  can be observed in the pet rous apex region. We present  the cases of  
6 pat ients (aged between 26 and 62 years) with asymmetric bone marrow dist ribut ion or t rapped 
mucous fluid secret ions in the pet rous apex, collected over a 6-year period. Diagnosis was made 
with the use of CT scans and MRI. All of the pat ients were referred for skull base surgery. In all 
cases a non-pathologic asymmet ry was diagnosed in the pet rous apex. Certain non-pathologic 
condit ions of the pet rous apex must  be t reated expectant ly without  any surgery.
© 2009 Elsevier España, S.L. All rights reserved.
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Diagnóstico radiológico de las condiciones no patológicas del ápex petroso

Resumen
A menudo se remite a los pacientes con síntomas otológicos a la consulta de otorrinolaringología. 
En no pocas ocasiones, se realiza a estos pacientes estudios de imagen, habitualmente resonancia 
magnét ica. En algunos casos, se evidencia un hallazgo posit ivo unilateral en forma de señal de 
posibles característ icas patológicas en el ápex petroso. Presentamos los casos de 6 pacientes (de 
26 a 62 años) con médula ósea asimétrica o retención de secreciones mucosas en el ápex petroso 
a lo largo de 6 años. El diagnóst ico se realizó mediante tomografía computarizada y resonancia 
magnét ica. Se remit ió a todos los pacientes para cirugía basicraneal. En todos los casos, se diag-
nost icó una asimetría de carácter no patológica en la punta del peñasco. Ciertas condiciones no 
patológicas de la punta del peñasco deben ser t ratadas de forma expectante sin cirugía.
© 2009 Elsevier España, S.L. Todos los derechos reservados.
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Introduction

Often pat ients with otologic or neurological symptoms 
at tend otolaryngology consultat ion. These pat ients are 
usually requested to undergo imaging studies, preferably 
magnet ic resonance imaging (MRI). In some cases, an 
asymmetric pathological signal is found in the region of the 
pet rous apex or in it s t ip. These incidental findings usually 
lead to a diagnosis of inflammatory lesion or tumour that  
eventually could be an indicat ion for a complex surgical 
approach of the inner ear, in order to obtain a clear diagnosis 
and eradicate the condit ion.

It  is very important  to adequately diagnose any findings 
of imaging tests in the region of the pet rous apex, as they 
could correspond to a physiological condit ion which should 
be t reated in a purely expectant  manner. 1,2

Patients and methods

We ret rospect ively analyzed medical records of 6 pat ients 
between 26 and 62 years of age, with asymmetric 
dist ribut ion of bone marrow or retent ion of secret ions 
in the pet rous apex during the period between 2001 and 
2006. The minimum follow-up t ime was 12 months after 
the findings. In all cases, the specialist  who referred the 
pat ient  ident ified a lesion on the t ip of the pet rous apex 
in the computed tomography (CT) or MRI images. In all 
cases where this lesion was not  present , the radiological 
study was complemented with MRI or CT. MRI images were 
obtained with standard sequence in T1, T2, and T1 with 
int ravenous cont rast . CT images were obtained by helical 
CT with bone algorithm at  high resolut ion.

It  is considered t hat  a pat ient  has an asymmet ry of 
t he bone marrow of  t he t ip of  t he pet rous apex if  an 
accumulat ion of  fat ,  wit h t he same radiological features 
as orbit al  fat  on MRI weighted in T1 and T2,  can be 
observed in t he CT of  t he t emporal bones.  A pneumat ized 
pet rous apex is considered t o have retained secret ions 
or mucoid ef fusion if  i t  shows characterist ics of  aqueous 
signal in t he T2 images of  MRI and t he CT scan reveals 
no signs of  bone erosion or ext ratemporal af fectat ion, 
opacificat ion of  t he signal f rom the fil led air cel ls or 
al t erat ion or dest ruct ion of  t he bone t rabeculae of  t he 
t ip of  t he pet rous apex.

Results

We ident ified a total of 6 pat ients with findings of asymmetry 
in the t ip of the pet rous apex, 4 males and 2 females. The 
average follow-up t ime was 23 months (range, 12-72).

The diagnosis was made only with the clinical reports and 
imaging studies, which in all cases were MRI and CT.

In no case was there an extension of the lesions outside 
the bony confines of the pet rous apex. In all cases the 
CT scans showed occupat ion of the cells of the t ip of 
the clif f  without  expansion. None of the studied pat ients 
showed bone erosion, cort ical dest ruct ion or infect ious 
or radiological neoplast ic signs. The cont ralateral side 
showed normal aerat ion of the cells in the pet rous apex 
in all pat ients studied. On the side of interest , an increase 

of the T1 sequence signal was evidenced in the case of 
asymmetry in bone marrow (Figure 1) and increased signal 
on T2 sequence of MRI in the case of retent ion of mucoid 
secret ions (Figure 2).

With these findings, the 6 pat ients were referred to our 
hospital consultat ion for surgical evaluat ion. In the cases 
referred by Gradenigo syndrome, bone erosion or increased 
signal after int ravenous cont rast  administ rat ion were 
not  evident , and although ant ibiot ic and cort icosteroid 
t reatment  at  suppressive doses had been established 
and maintained for 15 days, the imaging studies with CT 
were repeated without  finding the slightest  change after 
t reatment .3

All pat ients studied had previous otologic symptoms 
for which they underwent  the radiological study (cranial 
neuropathies, hearing loss, aural fullness, nonspecific 
vert igo, or dizziness) (Table 1).

Discussion

The pet rous port ion of the temporal bone is a pyramid-
shaped st ructure that  extends in the medial and anterior 
direct ions towards the geomet ric cent re of the skull base. 
The body of the temporal bone forms the bony capsule of 
the membranous labyrinth and includes the seventh and 
eighth cranial nerves, the internal carot id artery and the 
bulb of the internal j ugular vein. The “ pet rous apex”  is the 
term used to refer only to the port ion of the temporal bone 
which is medial to the ot ic capsule or bony and membranous 
labyrinth.4

Any inj ury or incidental finding evidenced in the pet rous 
apex should be correct ly ident ified in it s nature and extent  
by using radiological techniques. 1,2

In imaging tests, the appearance of the pet rous apex 
depends on the extent  of the migrat ion of air cells. In CT 
imaging the cort ical and air cells margins and the bone 
marrow are readily visible. If  there has been minimal 
migrat ion of air cells with bone marrow, the fat  contained 
in it  creates a characterist ic signal with low at tenuat ion. 
In the MRI, a pet rous apex with pneumat izat ion becomes 
completely black in all sequences. The fat  content  in a 
pneumat ized pet rous apex and with bone marrow shows 
an increased signal in T1 sequences and a low signal on T2 
sequences. A technique of fat  suppression could be used in 
T1 to show a decrease in signal intensity from the adipocyte 
cells of the bone marrow.5

Both CT and MRI are key elements to diagnose potent ial 
inj uries of the pet rous apex, since this anatomical area is 
not  accessible to direct  examinat ion without  surgery that  
should be fully j ust ified on the basis of radiographic findings. 
MRI is not  adequate by itself  for the dif ferent ial diagnosis of 
lesions of the pet rous apex.6 CT can help to dist inguish these 
lesions, as seen in Table 2. Cholesterol granulomas often 
show expanded boundaries that  are often isodense with 
brain t issue without  enhancement  of the lesion or with ring 
enhancement  only. When this ring enhancement  is present , 
it  is usually almost  diagnost ic of cholesterol granuloma. 2,7 In 
the CT, acute or chronic inflammat ion of the pet rous apex or 
apicit is usually appears as an expansive lesion with irregular 
margins and erosion or bone dest ruct ion, especially in cases 
of good pneumat izat ion, in which irregular margins of the 
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Figure 1 Image of asymmet ric bone marrow in the right  pet rous apex of pat ient  number 4. A. Magnet ic resonance imaging (MRI) 
enhanced in T2. B. MRI enhanced in T1. C. CT image showing bone marrow filling the pet rous apex. Note the presence of conserved 
intersepta and normal pneumat izat ion of  t he lef t  side.  D.  MRI image enhanced in T1 wit h fat  suppression t echnique.  Note t he 
decreased signal intensity of fat  t issue (arrow).

Figure 2 Mucous effusion in the right  pet rous apex of pat ient  number 5. A. CT scan image of an opacified pet rous apex with no 
evidence of bone remodelling. B. Magnet ic resonance imaging (MRI) enhanced in T1. C. MRI enhanced in T2. D. MRI enhanced in T1 
with inj ect ion of cont rast .
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lesion are seen; these findings are similar to those obtained 
in osteomyelit is of the base of the skull.8,9 When there is 
not  a good visualizat ion of the thin walls separat ing one 
cell from another, it  must  be considered as a sign of bone 
dest ruct ion.10,11

Pneumatization of the petrous tip  
and asymmetry of the apical bone marrow

Several anatomical studies have determined a frequency 
of petrous apex pneumat izat ion of 30%.12 In several series 
an incidence of 4% of asymmetric pneumat izat ion of the 
petrous t ip is shown. Stelter et  al13 determined that  the 
t raj ectory of the petrous apex air cells is caused by medial 
extension of air cells from the mastoid antrum, the middle 
ear or the peritubal cells. The fat  content  of bone marrow 
in a non pneumat ized apex produces an image with signal 
hyperintensity on a T1 sequence without  contrast . This finding 
should be dist inguished from a neoplasm by the absence of 

bone erosion or expansion in the CT images, in the case of 
bone marrow even the thin walls separat ing air cells from 
each other are well preserved. After int ravenous gadolinium 
inj ect ion, a lack of enhancement  is evident , and the intensity 
of T2 images is less than those of cerebral t issue.2

Retention of secretions from the mucosa  
in a pneumatized petrous apex 

As explained above, almost  one third of adults have some 
degree of pneumat izat ion of the pet rous apex. It  is logical 
to assume that  a low percentage of these individuals will 
develop effusion or collect ion of mucosa in these air spaces. 
With increasing use of diagnost ic imaging, such as MRI, it  is 
not  surprising that  some clinicians and radiologists are finding 
a considerable number of asymptomat ic or symptomat ic 
pat ients with apparent  abnormalit ies in the pet rous apex. 
Simple effusion is not  associated with any bone erosion or 
alterat ion and the content  j ust  takes the shape and pat tern 

Table 1 Case reports

Pat ient ,  Age Gender History CT MRI, T1/  Original Init ial Final Side of 
No.     T2/ T1 diagnost ic t reatment  diagnost ic radiological 
     with    interest  
     gandolinium

1 26 F Cephalalgia,  Opaque air Hyper/ hypo/  Gradenigo Ant ibiot ics.  Asymmetric Right  
   right  V1  cells with no syndrome Steroids. bone  
   and V2  no bone enhancement   Remit ted marrow  
   hypoesthesia,  alterat ions   for surgery   
   fever      

2 39 M Long term  Opaque air Hypo/ hyper/  Pet rous No Mucoid Left  
   instabilit y.  cells with no apicit is  effusion.   
   Vert igo no bone  enhancement    Trapped fluid  
    alterat ions     

3 62 F Right  t innitus.  Opaque air Hyper/ hypo/  Cholesteatoma No. Asymmetric Left  
   Ot ic fullness cells with  no or cholesterol Remit ted for bone  
    no bone  enhancement  granuloma surgery marrow  
    alterat ions     

4 35 M Right  V2  Opaque air Hyper/  Pet rous apex No. Remit ted Asymmetric Right  
   neuralgia cells with  hypo-iso/  tumour for surgery bone  
    no bone  no   marrow  
    alterat ions enhancement     

5 55 M Left   Opaque air Hypo/ hyper/  Abnormality No. Remit ted Mucoid Right  
   neurosensory  cells with no of for surgery effusion.   
   hypoacusis no bone  enhancement  bone-pet rous  Trapped  
    alterat ions  tumour  fluid 

6 45 M Left   Opaque air Iso/ hyper/  Cholesteatoma No. Remit ted Asymmetric Right  
   neurosensory  cells with no or cholesterol for surgery bone  
   hypoacusis no bone  enhancement  granuloma  marrow  
    alterat ions         

CT indicates computed tomography; F, female; M, male; MRI, magnet ic resonance imaging.  
Note that  pat ients 3, 5, and 6 present  cont ralateral symptoms to the side of radiological interest .
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of exist ing air cells. Typically, even the delicate septa that  
divide the apex are completely conserved in the CT image. 
The cont ralateral apex usually has a similar pneumat izat ion 
to the side of interest  and it  is usually aired. In the MRI 
image, the pet rous apex with retent ion of mucoid secret ions 
appears hypointense on the T1 sequence and with a marked 
hyperintensity on the T2 sequence, with no enhancement  
after gadolinium inj ect ion. A persistent  mucoid collect ion 
can, in a considerably long t ime, evolve into an expansive 
lesion such as a mucocele or cholesterol granuloma, 
depending on the nature of the material t rapped in it . 9 
The appropriate monitoring for such pat ients is not  clearly 
defined,14 but  Moore et  al15 suggest  wait ing for a period of 
approximately 3 years before repeat ing the CT and exclude 
an early degenerat ion towards a cholesterol granuloma in 
the case of mucoid fluid ent rapment . This t ime should be 
shortened if  there are concurring symptoms pertaining to 
the area of radiological interest .

Conclusions

Pet rous apex lesions are rare. The asymmetric bone marrow 
and mucous effusion, usually found incidentally in MRI 
studies, may not  be related to the clinical symptoms and 
they should be studied radiologically but  not  necessarily 
intervened. Both condit ions have sufficient  radiographic 
features in CT and MRI images to facilitate a correct  
diagnosis. In these cases a monitoring by CT or MRI is 
warranted to confirm the stabilit y of the findings.
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