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a b s t r a c t 

Gradenigo’s syndrome, a rare but serious complication of otitis media, encompasses a triad 

of symptoms including otalgia, facial palsy, and abducens nerve palsy, pointing to the in- 

volvement of the petrous apex. This case report presents an 11-year-old boy with an atyp- 

ical manifestation of Gradenigo’s syndrome, characterized by the absence of classic fea- 

tures such as abducens nerve palsy and purulent otorrhea. MRI findings were significant 

for petrous apicitis extending to Meckel’s cave and the cavernous sinus, along with abscess 

formation and clivus osteomyelitis. The report highlights the critical role of advanced neu- 

roimaging, particularly MRI, in the diagnosis and management of this condition. It under- 

scores the importance of recognizing atypical presentations of Gradenigo’s syndrome and 

the effectiveness of imaging-guided conservative treatment strategies in pediatric otologi- 

cal cases. 

© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Gradenigo’s syndrome, traditionally characterized by a triad of
purulent otorrhea, trigeminal nerve pain, and abducens nerve
palsy [1] , is an uncommon but serious complication of oti-
tis media and/or mastoiditis. In the modern antibiotic era, its
classic presentation has become rare, with more subtle symp-
toms often observed [2] . This evolution underscores the im-
portance of sophisticated imaging techniques, crucial for the
accurate identification and management of Gradenigo’s syn-
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drome. This case report illustrates a radiologically diagnosed
Gradenigo’s syndrome, managed successfully with antibiotics.

Case report 

An 11-year-old boy, previously diagnosed with COVID-19 a
month earlier, visited the emergency department (ED) for on-
going left-sided headaches over the past 7 days. He also re-
ported sharp, stabbing pain localized behind the left eye, with-
out visual disturbances. He had a history of concurrent left
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Fig. 1 – (A, B) Axial brain computed tomography (CT) images taken during the initial emergency department visit. The CT 

scan reveals diffuse soft tissue density within the left middle ear cavity (MEC), mastoid air cells (MACs), and petrous apex 

(PA), with a suspicious focal bone defect noted in the medial cortex of the left petrous apex (arrowheads). In contrast, the 
right petrous apex exhibits significant pneumatization at both anterior (arrow in A) and posterior (arrow in B) portion of the 
petrous apex. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ear pain. Upon examination, he was afebrile with normal vi-
tal signs. The Endoscopic ear examination showed a slightly
bulging left tympanic membrane. Neurologic examination
and the rest of the physical assessment were unremarkable.
His white blood cell count was normal, but C-reactive protein
was mildly elevated. A brain computed tomography (CT) re-
vealed diffuse soft tissue density in left middle ear cavity, mas-
toid air cells, and petrous apex, with a suspicious focal bone
defect in the left petrous apex ( Figs. 1 A and B). He was started
on oral amoxicillin/clavulanate (Augmentin) and referred to
the ear nose and throat (ENT) clinic for further evaluation, due
to concerns of Gradenigo’s syndrome. 

Three days later, on the follow-up ENT visit, the boy still
had headaches and eye pain despite the oral medication. Brain
magnetic resonance imaging (MRI) revealed a fluid signal with
heterogeneous enhancement extending from the left petrous
apex to Meckel’s cave ( Figs. 2 A-F). This was accompanied by
a possible involvement of the left cavernous sinus ( Fig. 2 B),
suggesting petrous apicitis. The heterogeneous enhancement,
characterized by multiloculated rim enhancement rather than
a solid rim, and the absence of diffusion restriction, indicates
a complex inflammatory process that may represent varying
stages of inflammation or abscess formation. The center of
the lesion showed a low signal on diffusion-weighted imag-
ing (DWI) and a high signal on apparent diffusion coefficient
(ADC) imaging, which are consistent with either a mature ab-
scess or parts of infective granulation tissue ( Figs. 2 E and F).
Additionally, bone narrow enhancement in the left clivus sug-
gested osteomyelitis ( Figs. 2 G and H). Magnetic resonance an-
giography (MRA) confirmed reduced flow in the distal portion
of the left petrous internal carotid artery (IAC) ( Fig. 2 J). Ear en-
doscopy showed mild redness and slight bulging of the left
tympanic membrane with a whitish effusion ( Figs. 3 A and
B). Audiogram indicated mild conductive hearing loss in the
left ear ( Fig. 3 C), and tympanometry yielded a type C tym-
panogram, suggesting impaired Eustachian tube function on
the left ( Fig. 3 D). Ophthalmic evaluation confirmed normal vi-
sual acuity and ocular motility, but a grade 1 relative afferent
pupillary defect (RAPD) was identified in the left eye. The optic
disc appeared healthy. 

One week after starting oral medication, the patient was
admitted to the hospital and initiated on intravenous (IV)
ceftriaxone and metronidazole. He showed marked improve-
ment in headaches and eye pain within 48 hours of this
treatment. Follow-up pupillary examinations indicated res-
olution of the previously observed grade 1 RAPD in the left
eye. One week later, follow-up CT scans of the temporal bone
showed improved aeration within the left middle ear cav-
ity and mastoid air cells, indicative of reduced inflammation
( Fig. 4 A). Although persistent soft tissue density and a poten-
tial bone defect were noted in the left petrous apex seen on
the CT ( Fig. 4 B), MRI with fat suppression (FS) demonstrated
signs of improvement ( Figs. 4 C and D). T2-weighted imaging
with FS ( Fig. 4 C) and contrast-enhanced T1-weighted imag-
ing with FS ( Fig. 4 D) revealed a decreased in both size and
extent of the rim-enhancing lesion in the left petrous apex,
suggestive of a resolving abscess. Hyperintense signals in the
bone marrow of the left clivus were seen on T2-weighted
images with FS ( Figs. 4 E and G), while diminished enhance-
ment, consistent with resolving inflammation, was noted on
contrast-enhanced T1-weighted images with FS ( Figs. 4 F and
H). However, a persistently narrow diameter of the left dis-
tal ICA petrous segment with thin enhancement was still
present ( Fig. 4 D). Ear endoscopy showed the left tympanic
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membrane had returned to normal. The patient was dis-
charged following a two-week course of IV antibiotics (ceftri-
axone for 2 weeks and metronidazole for 1 week) and tran-
sitioned to a 1-week course of oral amoxicillin/clavulanate
(Augmentin). Three weeks post-discharge, he continued to im-
prove, and antibiotics were discontinued. Three months later,
the final MRI scan showed resolution of signal abnormality in
the left petrous apex, with a normalized diameter of distal
ICA petrous segment ( Fig. 5 ). At the seven-month outpatient
follow-up, the patient remained well with no signs of recur-
rence. 

Discussion 

In this case of an 11-year-old boy diagnosed with petrous
apicitis, presenting with abscess formation and osteomyelitis
of the clivus, the role of advanced neuroimaging is paramount.
Petrous apicitis, a rare complication of otitis media, poses
diagnostic challenges due to the complex anatomy of the
petrous apex. This area, nestled between the inner ear and
clivus, is adjacent to critical structures like the cavernous si-
nus, Dorello canal, and Meckel’s cave, necessitating precise
imaging for accurate diagnosis and treatment planning. 
Fig. 2 – (A-F) Brain magnetic resonance imaging (MRI) and 

magnetic resonance angiography (MRA) obtained prior to 

admission. (A) Axial T2-weighted image reveals extensive 
hyperintense fluid collection throughout the left petrous 
apex (asterisk), extending to Meckel’s cave (arrows). (B) The 
axial fluid-attenuated inversion recovery (FLAIR) MRI 
indicates a hyperintense signal and potential expansion 

toward the left cavernous sinus (arrowhead). (C) An axial 
T1-weighted image without contrast highlights a 
hypointense center with an isointense rim in the left 
petrous apex (arrows), reaching into Meckel’s cave. (D) A 

contrast-enhanced T1-weighted image reveals 
multiloculated rim enhancement around the hypointense 
fluid (arrows), which could represent varying stages of 
inflammation and/or abscess formation. (E) Diffusion 

weighted imaging (DWI; b = 1000) exhibits a high signal at 
the rim-enhancing portions of the lesion (arrow) and (F) 
apparent diffusion coefficient (ADC) imaging shows a low 

signal at these same rim-enhancing portions (arrow), 
suggesting active inflammation or abscess formation. 
Conversely, the non-enhancing center of the lesion exhibits 
a low signal on DWI (arrowhead in E) and a high signal on 

ADC (arrowhead in F), consistent with the features of 
mature abscess or parts of infective granulation tissue. 
Axial (G) and coronal (H) T1-weighted image with contrast 
enhancement depict ill-defined enhancement in the bone 
marrow of the left clivus (asterisk). (I) An axial T1-weighted 

image illustrates diminished flow signal intensity within 

the left petrous internal carotid artery (ICA, short arrow), in 

contrast to the normal right petrous IAC (long arrow). (J) 
MRA also shows smooth narrowing in the distal portion of 
left petrous ICA (arrows). 
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Fig. 3 – Otologic evaluation performed prior to admission. (A) Ear endoscopy reveals mild redness and slight bulging in the 
posterior quadrants of the left tympanic membrane. (B) The right tympanic membrane appears normal. (C) Pure tone 
audiometry indicates a normal right audiometric threshold (red in C) and mild left conductive hearing loss with an air–bone 
gap of 10 dB HL (blue in C). (D) Tympanometry results in a type A tympanogram for the right ear, which is normal, and type 
C for the left ear, indicating decreased Eustachian tube function. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CT is considered the first choice in a patient suspected of
having a petrous apex lesion, because it has a high sensitivity
for detection of changes in bone structures. The most com-
mon finding on CT scan is opacification or coalescence of the
air cells in the petrous apex, accompanied by erosive lysis with
ill-defined irregular margins of its bony structure. Radiologi-
cal studies have shown that a significant percentage of chil-
dren display petrous apex pneumatization with communicat-
ing tracts to the middle ear [3] , providing pathways for infec-
tion spread. In this case, CT imaging of the well-pneumatized
petrous apex displayed typical petrous apicitis findings ( Fig. 1 ),
confirming the diagnosis and demonstrating the infection’s
spread from the middle ear to the petrous apex. 

MRI complements CT by offering superior visualization of
soft tissues in petrous apicitis, typically presenting with low
signal intensity on T1, high signal intensity on T2, and con-
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trast enhancement within the petrous apex. Thickening of
Meckel’s cave and cavernous sinus dura, along with signs of
cavernous sinus thrombosis, are critical to assess. In this case,
MRI showed fluid signal extension from the left petrous apex
to Meckel’s cave with peripheral enhancement ( Fig. 2 A), sug-
gesting trigeminal nerve irritation, correlating with the pa-
tient’s retro-bulbar pain. DWI has proven crucial for early diag-
nosis, offering high sensitivity and specificity for differentiat-
ing abscesses from other inflammatory or neoplastic patholo-
gies. Notably, a contrast-enhanced MRI incorporating DWI typ-
ically identifies an abscess as a multiloculated rim enhance-
ment lesion with diffusion restriction, marked by hyperin-
tense signals on DWI and corresponding hypointense signals
on ADC imaging. However, the non-enhancing center exhib-
ited a low signal on DWI and a high signal on ADC, consistent
with a mature abscess or parts of infective granulation tissue,
lacking the typical diffusion restriction observed in the cen-
ter of most abscesses ( Figs. 2 E and F). This pattern suggests
the presence of a complex inflammatory process, possibly in-
dicative of multiple stages of inflammation and healing [4] . In
cases of osteomyelitis involving adjacent bony structures like
the clivus or sphenoid bone, lesions appear hypointense on
T1, distinct from normal bone marrow’s high signal. Hyper-
intensity on T2-weighted images and contrast enhancement
also typically indicate osteomyelitis. As evidence in this case
( Figs. 4 C-H), FS techniques are invaluable in highlighting bone
marrow lesions and differentiating hyperemic inflammatory
tissue from abscess formation. When infection reaches cor-
tical margins of the carotid canal, MRA effectively visualizes
reduced blood flow. This case’s MRA revealed decreased flow
in the distal portion of the left petrous ICA ( Fig. 2 J), potentially
due to ICA vasospasm or arteritis. Such reduced blood flow
could have impacted the optic nerve, explaining the transient
grade 1 RAPD observed in the patient. 
Fig. 4 – (A-G) Follow-up CT and MRI obtained one week after 
hospital admission. (A) Axial CT of the temporal bone 
reveals improved aeration within the left middle ear cavity 

and mastoid air cells (thin arrows), suggesting a 
diminished inflammatory process. (B) The CT, however, 
shows consistent soft tissue density in the left petrous 
apex, with a focal bone defect still visible in the medial 
cortex. (C) An axial T2-wighted MRI with fat suppression 

(FS) demonstrates a reduced lesion size in the left petrous 
apex, with a less prominent extension than earlier images. 
(D) Post-contrast T1-weighted MRI with FS shows a 
decreased rim-enhancing lesion within the left petrous 
apex, indicative of reduced inflammation. However, a 
slightly narrowed left distal ICA within the petrous 
segment with thin enhancement along the carotid canal 
persists (arrow). (E-F) Axial (E) and coronal (F) T2-weighted 

MRIs with FS reveal hyperintense signals in the bone 
marrow of the left clivus (asterisk). (G-H) Axial (G) and 

coronal (H) contrast-enhanced T1-weighted MRIs with FS 

show reduced enhancement in the left clivus, suggesting a 
subsiding inflammatory process (asterisk). 
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Fig. 5 – (A-C) Internal acoustic canal (IAC) MRI obtained during a three-month follow-up outpatient visit. (A) Volume 
Isotropic Turbo spin echo Acquisition (VISTA) MRI sequence presents continuous high T2 signal intensity in the left petrous 
apex (arrow), consistent with residual inflammation or post-inflammatory changes. (B) Contrast-enhanced T1 MRI sequence 
shows subtle enhancement in the same region (arrow), which is indicative of post-inflammatory granulation tissue rather 
than ongoing active inflammation. (C) A T1-weighted post-contrast MRI depicts the normalized diameter of the left distal 
ICA petrous segment (arrows), signifying the resolution of the previous vascular narrowing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The traditional surgical approach for Gradenigo syn-
drome has evolved towards conservative management with
IV antibiotics, aided by these advanced imaging tech-
niques. Broad-spectrum antibiotics, including ceftriaxone, ce-
fotaxime, imipenem, or piperacillin/tazobactam, are initially
recommended. IV antibiotics are recommended for at least 2-3
weeks. Patients with an associated osteomyelitis may require
up to 6 weeks of antibiotics. The inclusion of metronidazole
covers potential anaerobic organisms, a prudent choice in ab-
scess cases [5] . This case report demonstrates successful treat-
ment through medical management, showcasing the pivotal
role of modern imaging and antibiotic therapy in managing
complex cases of petrous apicitis. 

Conclusion 

This case highlights the complexity of Gradenigo’s syndrome
in the modern medical era and underscores the importance
of a timely, accurate diagnosis through advanced imaging
techniques. This approach, coupled with appropriate antibi-
otic therapy, significantly reduced the potential morbidity and
mortality associated with the condition. Our findings empha-
size the necessity of integrating clinical and imaging data
to achieve optimal patient outcomes in complex cases like
Gradenigo’s syndrome. 
Patient consent 

All patient data was anonymized, and informed consent was
obtained from the patient’s parents for scientific work and
publication. 
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