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Introduction

Background Exostoses and osteomas are benign, insidious lesions of the bone
involving the internal acoustic canal (IAC). We present two cases of IAC exostoses
managed with surgical decompression and review the clinical outcomes of previously
reported cases in the literature.

Methods A comprehensive search was conducted using PubMed Central, Web of
Science Core Collection, and Google Scholar databases to identify previous reports of
IAC exostoses and osteomas. A total of 26 reported cases were identified, and patient
presenting symptoms, management strategies, and response to surgery was obtained
when available.

Results Of the 13 patients who underwent surgical decompression, 8 patients had
resolution of vertigo symptoms, 10 patients had improvement of tinnitus symptoms,
and all patients maintained some level of serviceable hearing.

Conclusion IAC exostoses and osteomas are rare lesions that lead to insidious onset
of debilitating symptoms from vestibulocochlear nerve dysfunction. Although the role
of surgical decompression remains unclear, it appears that patients presenting with
vertigo have more favorable response to surgical decompression as compared with
those presenting with tinnitus and sensorineural hearing loss.

or tinnitus, caused by compression of neurovascular struc-
tures within the cerebellopontine angle.”> Radiographic

Exostoses and osteomas are benign lesions originating from
the calvarium and facial bones.! Internal acoustic canal (IAC)
osteomas and exostoses are exceedingly rare, with only a
small number of reports existing in the literature.'”’
Although histologically distinct, both lesions can present
with hyperostotic growth adjacent to the IAC resulting in
compression of neurovascular structures. These patients
often present with sensorineural hearing loss, vertigo, and/
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imaging is not consistently reliable in differentiating these
two lesions, and frequently histopathology is necessary for
the final diagnosis. Once radiographic evidence confirms a
symptomatic lesion, surgical decompression of neurovascu-
lar structures is considered to prevent further progression of
symptoms.?*

To date, only 26 cases of exostoses and/or osteomas
resulting in stenosis of the IAC have been reported.'™’
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Fig.1 Temporal bone computed tomography (CT) demonstrating preoperative IAC stenosis and postoperative IAC surgical decompression. (A)
Preoperative axial plane CT of the temporal bone demonstrating stenosis of the IAC (white arrow). (B) Postoperative axial plane CT of the

temporal bone demonstrating decompression of the IAC (white arrow). (C) Preoperative coronal plane CT of the temporal bone demonstrating
stenosis of the IAC (white arrow). (D) Postoperative coronal plane CT of the temporal bone demonstrating decompression of the IAC (white

arrow). IAC, internal acoustic canal.

Clinical outcomes following surgery are variable, and the
likelihood of neurological stability or recovery have not been
previously explored in this population. We present our
institutional series treating two patients with bilateral IAC
exostoses, and summarize the existing literature on the
histopathology, radiographic characteristics, and treatment
strategies for these rare lesions.

Case Series

Case 1

A 67-year-old right-hand dominant woman with a history of
diabetes mellitus, pulmonary embolus, and breast cancer
presented with a 2-year history of dysequilibrium with
frequent falls, vertigo, severe right-sided tinnitus, and pro-
gressive bilateral hearing loss (left greater than right). The
left sided hearing loss began 10 years earlier and slowly
progressed to a profound loss. The hearing loss on the right
began 4 years prior to presentation and had been insidiously
progressing. Physical examination revealed House-Brack-
mann grade Il right-sided facial weakness and bilateral
horizontal nystagmus with both left and right lateral gaze.
Audiometric studies with air and bone pure tone thresholds
revealed moderate sensorineural hearing loss in the right ear
and a profound sensorineural hearing loss in the left ear. The
patient had a word recognition score (WRS) of 80% and a
speech reception threshold (SRT) of 55 dB in the right ear,

and a WRS which was untestable and a SRT of no response
(speech detection threshold of 100 dB) in the left ear.
Tympanometry tracings were consistent with normal middle
ear pressures and impedances bilaterally.

A temporal bone computed tomography (CT) scan
revealed bilateral, broad based, heterogeneous lesions aris-
ing from the lateral aspects of the porus acusticus, resulting
in narrowing of the IAC, with the right IAC measuring 1.6 mm
in diameter and the left IAC measuring 0.9 mm in diameter
(=Fig. 1). Magnetic resonance imaging (MRI) demonstrated
areas of high fluid attenuated inversion recovery signal
within the hypertrophic bone adjacent to the IAC.

To prevent progressive compressive injury to right facial
nerve and improve vertigo symptoms, and to prevent
worsening hearing loss, the decision was made to prophy-
lactically surgically decompress the right IAC. The patient
underwent a right retrosigmoid keyhole craniotomy to the
posterior fossa.® After elevating the cerebellum and releas-
ing cerebrospinal fluid for brain relaxation, a large bony
mass was encountered encompassing the entrance into the
IAC. A 3 mm coarse diamond drill burr with continuous
saline irrigation was used to remove the bony lesion invol-
ving the floor and posterior wall of the medial segment of
the IAC, providing decompression of the cranial nerve
complex. Bone removal was performed laterally until reach-
ing the mid portion of the IAC which was relatively less
stenotic.
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Fig. 2 H&E stained section, x100 magnification, ruler 500 um of the
specimen from patient presented in case 1. Tissue histology revealed
mound like bony proliferation resembling normal cortical bone,
without any evidence of hematopoietic cells consistent with exosto-
sis. H&E, hematoxylin and eosin.

Following surgery, the patient reported resolution of her
tinnitus and vertigo symptoms, although she continues to
experience intermittent disequilibrium. Her hearing
remained stable in the week following surgery but then
slowly declined over the subsequent 2 months. Postoperative
CT scans of the temporal bone demonstrated adequate
decompression of the IAC (=Fig. 1). Repeat audiogram

4 weeks after surgery revealed a 25 dB worsening in SRT
in the right ear and a 54% reduction in WRS (80-26%).
Six months after surgery, the patient continued to be free
of vertigo, and did not report significant tinnitus. There were
no significant improvements in her hearing, with WRS
remaining stable at 26%. At this time, she was referred for
cochlear implantation.

Surgical tissue histology revealed mound-like bony pro-
liferation resembling normal cortical bone, without any
evidence of hematopoietic cells. This was consistent with a
diagnosis of exostosis (=~Fig. 2).

Case 2

A 68-year-old right-hand dominant woman with a history of
breast cancer, hypothyroidism, and recurrent otitis media in
childhood presented with a 20-year history of progressive
bilateral hearing loss, and severe right-sided tinnitus. Audio-
metric studies revealed a WRS of 26% and pure tone audio-
gram (PTA) of 83 dB in the right ear, and WRS of 32% and PTA
of 77 dB in the left ear. Pure tone audiogram air conduction
and bone conduction testing were demonstrated profound
hearing loss for 250 to 8,000 Hz in the right ear and moderate
to profound hearing loss in the left ear. Tympanometry
tracings were consistent with normal middle ear pressure
and tympanic membrane mobility bilaterally. Arizona Bio-
medical Institute (AZ-BIO) score was 0% bilaterally when
using a hearing aid.

Fig. 3 Temporal bone computed tomography (CT) demonstrating preoperative IAC stenosis and postoperative IAC surgical decompression.
(A) Preoperative axial plane CT of the temporal bone demonstrating stenosis of the IAC (white arrow). (B) Postoperative axial plane CT of the
temporal bone demonstrating decompression of the IAC (white arrow). (C) Preoperative coronal plane CT of the temporal bone demonstrating
stenosis of the IAC (white arrow). (D) Postoperative coronal plane CT of the temporal bone demonstrating decompression of the IAC (white

arrow). IAC, internal acoustic canal.
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Temporal bone CT scans revealed bilateral broad-based
hyperostotic lesions arising from the lateral aspect of the
porus acusticus, resulting in narrowing of IAC with the right
IAC measuring 0.8 mm in diameter and the left IAC measur-
ing 2 mm in diameter (=Fig. 3).

The patient met the criteria for a cochlear implant;
however, there were concerns that if the IAC stenosis pro-
gressed, the long-term viability for hearing preservation
would be diminished. Consequently, the decision was
made to decompress the IAC in conjunction with the place-
ment of a cochlear implant. The patient underwent a right
retrosigmoid keyhole craniotomy approach to the posterior
fossa.® Severe hyperostosis involving the petrous ridge was
encountered, obscuring surgical visualization of the porus
acusticus. A combination of 3 mm and curved 2 mm coarse
diamond drill burrs with continuous saline irrigation were
used to remove bone posteriorly to provide visualization of
the porus acusticus. The decompression was achieved by
removing bone posterior and inferior to the IAC. Bone
removal was performed laterally until reaching the relatively
less stenotic mid portion of the IAC. At the conclusion of the
decompression, a right-sided cochlear implant was placed
via a mastoidectomy facial recess approach to the round
window insertion.

Immediately after surgery, the patient noted stable right-
sided hearing acuity and no tinnitus. A postoperative CT scan
of the temporal bone demonstrated adequate decompres-
sion of the IAC (~Fig. 3), and she was discharged on post-
operative day 3. Repeat audiologic evaluation 6 weeks after
surgery showed significant improvements in warble tone
acuity, especially from the right cochlear implant. AZ-BIO
scores were 83% with the right cochlear implant active and
90% in the bimodal condition. However, the patient contin-
ued to have intermittent tinnitus.

Surgical tissue histology revealed concentric layers of
subperiosteal bone with frequent osteocytes and there was
no evidence of hematopoietic cells. These results were con-
sistent with a diagnosis of exostosis.

Discussion

The terms exostoses and osteomas have been used inter-
changeably since 1979, when they were first differentiated
based on histology and radiographic studies.” Although both
of these lesions are benign, exostoses are thought to repre-
sent an inflammatory overgrowth of bone whereas osteomas
are thought to be neoplastic in origin.? Osteomas commonly
occur as solitary and pedunculated lesions arising near the
tympanosquamous or tympanomastoid suture lines.” In
contrast, exostoses appear as multiple broad-based, smooth,
and elevated lesions, which arise from the tympanic portion
of the temporal bone.>’ Histologically, osteomas have fibro-
vascular channels with surrounding lamellar bone and few
osteocytes.*> In contrast, exostoses appear as concentric and
dense layers of parallel subperiosteal bone with many osteo-
cytes and no fibrovascular channels.*> Although histologi-
cally distinct, both lesions can present with hyperostotic
growth adjacent to the IAC resulting in compression of
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neurovascular structures. Bilateral presence of either of
these lesions is exceedingly rare, with only 13 cases
reported.'’ To better address the existing knowledge gap
regarding IAC exostoses and osteomas, we review the rele-
vant pathophysiology and treatment strategies.

Pathophysiology
Osteomas are benign, well-differentiated overgrowths of
cancellous bone composed of laminar sheets and Haversian
canals.>® They are generally classified into three subtypes
based on location: central, peripheral, and extra-skeletal.>>
Central osteomas project from endosteal surfaces of the
cortical bone.> Peripheral osteomas project from the peri-
osteum, and extra-skeletal osteomas develop within mus-
cle3 Although benign in nature, osteomas are considered
true neoplasms of the bone. They constitute approximately
1% of all bone tumors, and 11% of benign lesions of the
bone."® There are mixed reports regarding gender ratios,
with some authors citing a higher incidence in women.>'°

The pathogenesis of osteomas is poorly understood and
likely multifactorial. Trauma, inflammation, embryological
errors, and hormonal dysregulation have all been implicated
as possible contributors.”>1" It's been proposed that trauma
during puberty may lead to aberrant bone overgrowth giving
rise to an osteoma.> Frequent ear infections with repeated
and chronic inflammation, or abnormal ossification of cra-
nial and skull base sutures during embryological develop-
ment, have also been implicated.! Furthermore, hormonal
dysregulation and subsequent effects on bone and suture
development may act together to contribute to development
of osteomas.>'? It is possible that hormonal mechanisms
may explain a slight female preponderance, particularly in
cases of bilateral osteomas. Moreover, since osteomas often
arise near suture lines, it is possible that a combination of
abnormal bone ossification and closure of sutures, due to
hormonal influences, may promote the development of
osteomas.> 2

Exostoses are also benign, slow growing, reactive bony
overgrowth of the calvarium.’ Exostoses can arise bilaterally
from all surfaces of the temporal bone, and they often appear
as smooth and continuous with surrounding cortical
surfaces.13.14

Although the exact pathogenesis of IAC exostoses is
unknown, there are links between chronic inflammation
and formation of exostoses in other anatomical locations.'
For example, exostoses are commonly found in the external
auditory canal (EAC) of surfers and swimmers exposed to
cold water, and those suffering from frequent ear infec-
tions.'3~1° Preclinical work on guinea pigs has hinted at a
correlation between cold irrigation of the EAC and acceler-
ated bone formation.'> However, the underlying pathophy-
siology of cold exposure has not yet been elucidated and is
unlikely to be the sole driver behind the formation of IAC
exostoses.'? Furthermore, there are other examples reported
in the literature linking reactive periostitis of the arm to
exostoses formation.'%'® Similar to osteomas, the pathogen-
esis of IAC exostoses is also likely multifactorial, and linked to
inflammatory triggers that lead to the formation of these
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reactive lesions. The presence of bilateral lesions, however,
may suggest a more diffuse process, such as an underlying
bone remodeling abnormality similar to the abnormalities
observed in hyperostosis cranialis interna (HCI), hyperosto-
sis frontalis interna, fibrous dysplasia, or Paget’s dis-
ease.>118 HCI is an especially intriguing candidate to
explain bilateral calvarial and skull base hyperostosis that
is isolated to the cranium. Patients with HCI present with
significant thickening of the inner table of the frontal,
parietal, occipital, and temporal bones. Moreover, HCI is a
familial disorder with an autosomal dominant expression
than can affect the IAC and lead to cranial neuropathies.
Radiographically, the hyperostotic lesions of the IAC found in
HCI resemble exostoses.'”'® Thus, in patients with diffuse
thickening of the inner table across the calvarium there is
likely a genetic predisposition to IAC hyperostosis that is
compounded by phenotypical factors, such as local inflam-
mation, and aberrant suture closure.

Clinical Presentation and Evaluation

Symptoms of IAC osteomas and exostoses result from
compression of the neurovascular structures within the
cerebellopontine angle and IAC. Compression of the vesti-
bulocochlear nerve can cause vestibular and auditory symp-
toms, such as vertigo, ataxia, tinnitus, and hearing loss.!!
Compression of the facial nerve can lead to unilateral or
bilateral facial weakness and hemifacial spasms. Facial
nerve dysfunction appears to be less prevalent than vesti-
bulocochlear nerve dysfunction (=Table 1), suggesting that
the facial nerve is more resilient to compression.'’

The differential diagnosis for IAC lesions arising from the
bone includes osteomas, exostoses, osteopetrosis, HCI,
hyperostosis frontalis interna, Paget’s disease, and neoplastic
lesions.>'”:'8 Osteopetrosis is a rare metabolic disease that
results in the formation of thick and brittle bone caused by
osteoclastic dysfunction.*'® Osteopetrosis can affect the
skull, causing thickening of the cranial vault, stenosis of the
skull base foramina, and stenosis of the IAC."* The diagnosis
of osteopetrosis can be made based on radiographic evidence
of parallel bands of dense bone giving a “bone within bone”
appearance on CT.2% HCI and hyperostosis frontalis interna
are diseases caused by thickening of cancellous bone within

Table 1 Presenting patient characteristics

Exostoses Osteoma
Sex Totaln =7 Totaln =6
Male 7 4
Female 0 2
Presenting symptoms Totaln =7 Totaln =6
Tinnitus 3 2
Vertigo 3 3
Hearing loss 3 3
Incidental finding 2 2

Note: data calculated using all previously reported cases in the
literature.'™”
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the inner table of the calvarium.'”-'®2 patients with HCI and
hyperostosis frontalis interna often present with intracranial
hypertension, atrophy of the cerebrum due to compression,
hypercalcemia, and abnormal electroencephalograms.'”-??
The pathogenesis of HCI was previously discussed; however,
the etiology of hyperostosis frontalis interna is unknown,
and this disease process has been associated with hormonal
dysregulation including elderly postmenopausal women,
obesity, and virilism.2"?> The diagnosis of hyperostosis
frontalis interna can be made by CT to visualize the thicken-
ing of the frontal bone, however, with HCI, it can also involve
the parietal and temporal bones.?? Paget’s disease of the
bone is characterized by overactive osteogenesis and bone
remodeling, leading to replacement of normal bone with
fibrovascular tissue.?* Paget's disease can also affect the skull
base and IAC, with reports of sensorineural hearing loss
attributed to stenosis of the IAC.2> Other attributes of Paget’s
disease include macrocephaly and concentric thickening of
the cranial vault.'*

CT is the imaging modality of choice to visualize and
evaluate osteomas and exostoses of the IAC. On CT, both
lesions appear as well demarcated and hyperdense bony
outgrowths near or within the IAC. It is seldom possible to
accurately differentiate between osteomas and exostoses
purely based on imaging but there are general characteristics
that can aid in differentiating between the two. Bilateral
lesions with homogenous density are more likely to be
exostoses, while osteomas are generally more heteroge-
nous.” Moreover, osteomas typically occur as solitary, and
pedunculated lesions arising near the tympanosquamous or
tympanomastoid suture lines.” Osteomas tend to grow on
the medial aspect of the IAC in contrast to exostoses which
can originate from all surfaces of the canal.®'3 The presence
of fat and bone marrow on MRI makes osteomas more likely
than exostoses.'

Histological analysis can accurately differentiate these
two lesions. Osteomas are benign, bosselated, ovoid, sessile
tumors made of woven and lamellar bone with Haversian
canals, and sometimes include trabecular bone that harbors
hematopoietic marrow and fat."' Most lesions exhibit a
combination of two growth patterns: compact, lamellar
bone that grows in parallel layers, and rapidly growing
spongy bone with wide medullary spaces that lack Haversian
canals.”"!" Exostoses, on the other hand, are composed of
parallel concentric layers of subperiosteal bone that on
hematoxylin and eosin staining have an “onion skin” appear-
ance.® They have many osteocytes, few fibrovascular chan-
nels and no hematopoietic cells.>'> These lesions appear
histologically continuous with their surroundings without
any distinct differentiating cortical features.>

Implications for Management

Treatment goals for IAC stenosis consist of decompression
of the neural elements and preservation of neurologic
function. Indications for surgical decompression depend
on the location, symptomatology, and risk of potential
complications of the surgical approach.?’ If a lesion is small
and the patient is asymptomatic, conservative treatment
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with routine surveillance imaging is a viable option given
the benign nature of osteomas and exostoses.'® Larger
lesions causing progressive hearing deficits, vestibular
dysfunction, tinnitus, refractory hemifacial spasm, facial
weakness, or brainstem compression, however, may
require urgent surgical decompression to prevent further
neurological decline.?>®10

The most common surgical approach for decompression
is the retrosigmoid suboccipital corridor to the cerebello-
pontine angle.> However, even in the setting of early
surgical intervention, functional recovery can be slow.
Improvements in vertigo and tinnitus following decompres-
sion have been previously reported, whereas recovery of
auditory function is not likely.>>® This observation is
consistent with other compressive pathologies of the IAC,
for example, retrosigmoid craniotomy for resection of a
vestibular schwannoma greater than 15-20 mm has a
hearing preservation rate of 5 to 52%.2273% The goals of
surgical decompression for IAC stenosis; therefore, must be
prevention of progressive loss of cranial nerve function,
improvement/resolution of vertigo, and to maximize the
potential for a successful cochlear implants.

Conclusion

Osteomas and exostoses are benign bony lesions that can
arise in the vicinity of the IAC and rarely occur bilaterally. It is
often difficult to distinguish these lesions based on imaging
alone, and histology is necessary. Both of these lesions can
result in compression of the vestibulocochlear and facial
nerves, leading to debilitating symptoms. For asymptomatic
lesions without mass effect, medical management and con-
servative surveillance is recommended. In symptomatic
cases, surgical decompression can alleviate vertigo symp-
toms but is unlikely to result in recovery of hearing loss.
Careful patient selection and counseling is paramount when
treating patients with IAC stenosis due to hyperostosis.
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