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INTRODUCTION

Extracranial neuroglial heterotopias are infrequent lesions that present as masses and can be 
a source of diagnostic confusion for the surgeon, radiologist, and pathologist, and need to be 
distinguished from neoplasms to avoid unnecessary overtreatment. ese lesions most commonly 
occur in midline structures of the head and neck, particularly the nasal cavity.[22] Rare cases have 
been reported in the nasopharynx,[2] oropharynx,[6] hard palate,[3] oral cavity,[1] tongue,[7] and 
scalp.[8] Midline neuroglial heterotopias are also observed in children with congenital facial defects.

Neuroglial heterotopias in nonmidline structures, such as the middle ear, are rare with only cases 
reports and two limited case series published in the literature.[9,12,15-17,19,20,23-29] Isolated neuroglial 
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tissue in the middle ear without a connection to the central 
nervous system (CNS) is associated with prior surgeries 
in the ear and mastoid region, prior ear trauma, or known 
congenital craniofacial anomalies.[12,20,25] ese lesions are 
particularly rare in patients without a prior history of surgery, 
trauma, or congenital anomaly.

e histopathological features of these lesions have been 
described in very few cases and are limited in overall scope 
and completeness.[9,12,15-17,19,20,23-29] Here, we describe middle 
ear neuroglial heterotopias in three patients and provide the 
most comprehensive histological and immunohistochemical 
characterization to date. In addition, we performed a 
thorough and systematic review of all published reports of 
middle ear neuroglial heterotopias according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines[21] and summarize the clinical, 
radiological, and histopathological findings. Features that 
confirm the nonneoplastic nature of these lesions include 
a low proliferation index, absence of dysplastic neurons or 
atypical glial cells, and associated chronic inflammatory/
reactive changes. Finally, we discuss potential etiologies for 
the heterotopic brain tissue in the middle ear including a 
developmental, traumatic, or chronic inflammatory causes.

MATERIALS AND METHODS

is study was approved under Institutional Review Board 
(IRB) protocol number 2016-p-000316, which includes 
waived requirement for patient consent on archived 
pathology tissue.

We identified three cases of neuroglial heterotopia of the 
middle ear in our institutional archives from 2000 to 2020. 
Clinical records were abstracted for demographic information, 
presenting symptoms, prior surgical history, diagnostic 
imaging, and clinical follow-up. Surgical specimens were 
processed by formalin fixation and paraffin embedding and 
stained with hematoxylin and eosin (H and E). All antibodies 
used in this study (GFAP, Olig2, synaptophysin, NeuN, CD34, 
and Ki67) were obtained from Dako (Agilent Pathology 
Solutions, Santa Clara, CA). Immunohistochemistry staining 
was performed on a Dako Autostainer Link48 (Agilent 
Pathology Solutions, Santa Clara, CA), according to our 
institution’s standard operating procedure.

A literature review was performed by searching the PubMed 
from years 1980 to 2020 according to PRISMA guidelines. 
Globally, our study included human patients of any age 
reported in the English literature published after 1980 to cover 
all reports in the era of modern imaging. e MEDLINE 
database was searched with the PubMed search engine with 
the following Boolean phrase: (“neuroglial” OR “brain” OR 
“neural” OR “glial”) AND (“heterotopia” OR “heterotopic” 
OR “ectopia” OR “ectopic” OR “choristoma” OR “sequestered 

encephalocele”) AND “middle ear.” After applying an English 
language filter, the search returned 21 results. First, article 
titles and abstracts were screened for applicability and 
availability and suitable abstracts were reviewed in detail. 
en, a detailed review of the full article was performed for 
applicability. is review resulted in selection of 14 articles 
outlining 27 separate cases of neuroglial heterotopia of the 
middle ear. A symptom or finding was deemed present if 
mentioned in the article at least once and deemed absent or 
not present if not mentioned. Data were tabulated.

RESULTS

Clinical history

Case 1

A 49-year-old male who presented with recurrent chronic 
otitis media and bilateral conductive hearing loss. He 
previously had Eustachian tubes placed many years prior. e 
patient had no history of congenital anomalies. Computed 
topography (CT) scans demonstrated opacification of the 
mastoids suggesting bilateral mastoiditis, as well as a soft-
tissue mass within the right epitympanum [Figure 1a]. ere 
was no radiological evidence for cranial base bony defect. 
e right ear was examined with an operative microscope 
and dissection of the mastoid revealed green mucoid material 
and areas of thin bone. Dissection toward the epitympanum 
revealed a smooth yellow cystic mass, which was removed 
and sent for pathologic examination. e operation was 
completed without complications.

Case 2

A 49-year-old male who presented with chronic left-sided 
otitis media and the sensation of left ear fullness. Eustachian 
tube placement relieved the pressure temporarily; however, 
symptoms recurred after 2 years. e patient had no history 
of congenital anomalies, prior trauma, or other surgical 
procedures in the area. Head CT was significant for a soft-tissue 
mass in the middle ear with a small equivocal defect in the 
tegmen tympani [Figure 1b] without any connection between 
the middle ear mass and the brain. e patient underwent 
craniotomy for removal of middle ear mass and reconstruction 
of possible skull base defect. A 2 mm defect in the antrum 
of the middle ear was identified and a soft-tissue mass was 
removed from the middle ear cavity and sent for histological 
examination. Cerebrospinal fluid (CSF) leak was not observed 
during the procedure. e tegmen defect was then repaired and 
the operation was completed without complication.

Case 3

A 48-year-old woman who presented with progressive 
bilateral decrease in hearing over 2 years with occasional 
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tinnitus and right ear fullness. An audiogram revealed 
mild-to-moderate conductive hearing loss in the right ear. 
Prior history was notable for chronic otitis media as a child 
but no history of congenital anomalies, prior surgery, or 
local trauma. Examination revealed a bulging but intact 
right tympanic membrane. Head CT revealed complete 
opacification of the right middle ear cavity with possible 
though not definitive dehiscence of the tegmen tympani 
[Figure  1c]. Magnetic resonance imaging did not reveal 
definitive encephalocele. Mastoidectomy was performed 
and a pink-red soft-tissue mass was removed from the 
right middle ear. Neither a skull base defect nor CSF leak 
was detected during the procedure. e operation was 
completed without complication and the specimen was sent 
for histological examination.

Clinical follow-up data were limited in Cases 1 and 2, with 
no recurrence or complications at 1.5 and 1 month following 
surgery, respectively. ese patients were subsequently lost to 
follow up. e patient in case 3 experienced no recurrence of 
symptoms or relapse 4 years after surgery.

Histopathology

Gross examination of the resected masses revealed variably 
colored fragments of soft tissue that were tan-pink in Case 1 
(up to 0.6 cm), yellow-pink in Case 2 (0.4 cm), and pink-red 
in Case 3 (0.5 cm). All three cases had similar histological 
findings and revealed mildly hypercellular mature neuroglial 
tissue with reactive astrogliosis [Figure  2]. All specimens 
displayed scattered mature neurons in a background of 
neuropil. Occasional Rosenthal fibers were seen in Case 1 
[Figure 2d]. Benign glandular epithelium was observed along 
the edge of the lesion in Case 2, consistent with middle ear 
mucosa [Figure  2e]. Prominent mononuclear inflammatory 
cells with vacuolated cytoplasm were seen in Cases 1 and 3 
[Figures  2d and f]. Neither choroid plexus nor ependymal 
cells were present in any case. No cytologic atypia, dysplastic 
neurons, necrosis, microvascular proliferation, or mitotic 
figures were observed in any case.

e lesions were further characterized by 
immunohistochemistry to assess the neuroglial origin of 

Figure 1: Computed tomography scans demonstrating soft-tissue mass in the middle ear from Case 1 (a), Case 2 (b), and Case 3 (c).
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Figure 2: Histological features of neuroglial heterotopia (H and E). Mature neuroglial tissue with reactive gliosis in background neuropil was 
apparent in Case 1 (a), Case 2 (b), and Case 3 (c). Rosenthal fibers were apparent in Case 1 (d) and prominent macrophage infiltration was 
seen in Case 1 (d) and Case 3 (f). Glandular middle ear mucosa was present along the edge of Case 2 (e). Images a-c, e and f at ×200 . Image 
d at ×400 .
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the tissue and to exclude neoplasm. All three cases were 
diffusely positive for GFAP, which also highlighted reactive 
gemistocytic astrocytes [Figure  3a]. Small Olig2-positive 
oligodendrocytes were present in all cases [Figure  3b]. 
e lesions contained mature neural elements, including 
large NeuN-positive neurons in a synaptophysin-positive 
neuropil background [Figure  3c and d] respectively. CD34 
immunostain highlighted only small caliber blood vessels, 
with no aberrant staining in neurons [Figure 3e]. Numerous 
CD68-positive macrophages and microglia were observed, 
with focal areas of perivascular cuffing in Case 1 [Figure 3f]. 
e Ki67 proliferation index was low in all cases, estimated to 
label <1% of cells (data not shown). Together, the clinical and 
histological findings in all three cases were consistent with 
benign neuroglial tissue.

Literature review

We exhaustively reviewed the literature from 1980 
to 2020 according to the PRISMA guidelines[21] and 
identified 27 cases of histologically confirmed middle 
ear neuroglial heterotopia, which were combined with 
the three cases described above, for a total of 30 cases 
[Table 1].[9,12,15-17,19,20,23-29] ere were also cases of neuroglial 
heterotopia limited to the inner auditory canal or confined 
to the mastoid region without involvement of the middle 
ear, which were not included here.[10,12] e median patient 
age at diagnosis was 49 years (range 3–81 years), with 
five pediatric patients (<18 years age). ere was a male 
predominance, with a male-to-female ratio of 2:1. e 
most common symptoms leading to clinical presentation 
were chronic otitis media (12/30 cases, 40%) and hearing 
loss (12/30 cases, 40%). A history of prior ear surgery or 

trauma was noted in 4 of 30 cases (13%). CT was the most 
common imaging modality used to identify these lesions 
and bony erosion or dehiscence was either suggested or 
identified in 23% (7/30) of cases. Imaging characteristics 
were not reported in 40% (12/30) of cases. All cases showed 
mature neuroglial tissue on H and E stained sections with 
80% (24/30) reporting some degree of chronic inflammatory 
infiltrates or reactive astrogliosis. GFAP and S100 were the 
most commonly used immunostains to identify the glial 
component, reported as positive in 27 (90%) and 17 (56%) 
cases, respectively. Neurofilament was the most common 
neuronal marker reported (14/30 cases, 47%). None of the 
prior cases reported Ki67 proliferation index, which was 
<1% in all three of our cases.

DISCUSSION

Here, we provide a comprehensive clinical, radiological, and 
histopathological characterization of neuroglial heterotopias 
of the middle ear. Our results extend findings of prior 
reports, including age at diagnosis, presenting symptoms, 
and radiological findings [Table  1]. e majority of prior 
descriptions are limited to single case reports and even in the 
only two published case series,[12,20] clinical and histological 
data are scant or unavailable. In our three patients, all had a 
history of chronic otitis media, and none had prior history 
of middle ear surgery, trauma, or congenital craniofacial 
anomaly. Histopathological examination showed mature glial 
and neuronal elements in all cases. Variable mononuclear 
inflammatory infiltrates, including CD68-positive 
macrophages and microglia, were present in all three of 
our cases. Similarly, chronic inflammatory infiltrates were 
specifically described in 16 of 27 (59%) of prior cases. ere 

Figure  3: Immunohistochemical analysis of neuroglial tissue from the middle ear. (a) GFAP and (b) Olig2 highlight astrocytes and 
oligodendrocytes, respectively, without atypia. (c) NeuN demonstrates the presence of mature-appearing differentiated neurons.  
(d) Synaptophysin highlights the background neuropil. (e) CD34 highlights background blood vessels without aberrant neuronal expression. 
(f) Numerous CD68-positive macrophages/microglia are present. All images at ×200.
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Reference Number 
of cases

Age/sex Prior history Imaging Histological findings

Gulya et al., 1987[17] 1 8 F Progressive unilateral 
hearing loss

CT: middle ear 
mass without bony 
erosion

H and E: CNS gray and white 
matter with overlying middle 
ear mucosa and focal choroid 
plexus.
IHC: not performed

Slater et al., 1988[27] 1 7 M Aural problems CT: no evidence of 
skull defect

H and E: gemistocytic astrocytes 
and inflammatory cells.
IHC: GFAP

Klein et al., 1989[15] 1 4 M Chronic otitis media CT: soft-tissue 
density in the 
mesotympanum 
without erosion of 
overlying bone

H and E: small fragments of 
brain tissue with minimal gliosis 
and rare gemistocytic astrocytes
IHC: not performed

McGregor et al., 
1994[20]

3 3 M
36 M
65 M

Case 1: recurrent 
meningismus
Case 2: chronic otitis 
media and prior 
mastoidectomy
Case 3: chronic otitis 
media and prior ear 
surgery

Not reported. H and E: mature CNS tissue 
with reactive gliosis and mature 
neurons, focally lined by 
cuboidal epithelium
IHC: GFAP

Gyure et al., 2000[12] 11 29–67
M:F 4:7

Chronic otitis media/
mastoiditis in 5 cases
Hearing loss in 1 case.
Prior ear surgery in 1 
case
Prior ear trauma in 1 case
Unknown history in 4 
cases

No bone erosion 
on radiograph for 
2 cases
Imaging not 
reported for 9 cases

H and E: varying proportions of 
neurons and glia with reactive 
astrogliosis and inflammatory 
cells consisting of lymphocytes 
and macrophages. Cuboidal 
epithelium was present in nine 
cases
IHC: S-100, GFAP, 
neurofilament

Plontke et al., 2000[23] 1 11 M Bilateral hearing loss CT: band-shaped 
mass in meso- and 
hypo-tympanum

H and E: glial tissue in 
background neuropil with 
chronic inflammation
IHC: S-100

Lee et al., 2004[16] 1 50 M Progressive unilateral 
hearing loss

CT: mass-like lesion 
with soft-tissue 
density in middle 
ear cavity. Possible 
bony erosion of 
overlying tegmen 
tympani

H and E: mature disorganized 
glial tissue in a loose fibrillary 
background
IHC: S-100, GFAP

Waldman et al., 
2005[29]

1 3 M Abnormal right eardrum CT: soft tissue in 
the middle ear 
and epitympanum 
without bony 
dehiscence

H and E: fibrillary stroma with 
glial-type cells and fibrovascular 
tissue with cuboidal epithelium
IHC: GFAP, synaptophysin, 
cytokeratin, Melan-A

Uğuz et al., 2006[28] 1 61 M Unilateral hearing loss 
and tinnitus

CT: mass-like 
lesion of soft tissue 
density in middle 
ear cavity. Areas 
of bony erosion in 
epitympanic space

H and E: mature neuroglial 
tissue in a fibrovascular stroma
IHC: S-100, GFAP

Table 1: Review of prior middle ear neuroglial heterotopias.

(Contd...)
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Reference Number 
of cases

Age/sex Prior history Imaging Histological findings

Farneti et al., 2007[9] 1 74 M Recurrent otitis media CT: soft mass within 
the epitympanum. 
Tegmen tympani 
not involved

H and E: glial tissue with 
nodules of neuronal cells
IHC: GFAP, NeuN, cytokeratin 
MNF116

Martinez-Peñuela  
et al., 2011[19]

2 61 M Case 1: unilateral hearing 
loss
Case 2: unilateral 
hypoacusia and tinnitus

CT: opacified 
middle ear with 
soft-tissue mass 
filling the antrum 
and attic
CT: dehiscence of 
tegmen tympani 
related to soft-tissue 
mass in the attic

H and E: mature glial tissue, 
scattered neuronal nuclei, and 
chronic inflammation in a 
fibrillary background
IHC: S-100, GFAP, 
neurofilament

Shemanski et al., 
2013[25]

1 81 M Chronic otitis media and 
hearing loss

CT: middle ear soft-
tissue mass with 
possible erosion of 
the attic

H and E: mature, disorganized 
glial-like tissue on a loosely 
fibrillary background
IHC: GFAP, S-100, cytokeratin, 
MAP

Shim et al., 2016[26] 1 63 F Unilateral hearing loss CT: soft-tissue 
density in middle 
ear with possible 
erosion of tegmen 
tympani

H and E: scattered mononuclear 
cells in a fibrillary background
IHC: GFAP

Quatre et al., 2020[24] 1 63 M Unilateral hearing loss 
and tinnitus

CT: fluid and mucus 
in the mastoid and 
right tympanum; 
no associated bony 
changes

H and E: glial tissue with 
chronic and subacute 
inflammatory changes
IHC: GFAP

Ahrendsen et al., 2020 3 48 F
48 M
49 M

Case 1: chronic otitis 
media and progressive 
hearing loss
Case 2: chronic otitis 
media
Case 3: progressive 
hearing loss

CT: soft-tissue mass 
in the middle ear of 
all three cases. Two 
cases with possible 
tegmen tympani 
dehiscence

H and E: neuroglial tissue with 
reactive gliosis, mature neurons, 
and chronic inflammation
IHC: GFAP, Olig2, NeuN, 
synaptophysin, CD34, CD68, 
Ki67

CT: Computed tomography; H and E: Hematoxylin and eosin; IHC: Immunohistochemistry (positive staining), CNS: Central nervous system.

Table 1: (Continued).

were no dysplastic neuronal elements, cytologic atypia, or 
mitotic figures in the three cases described here. e Ki67 
proliferation index was <1% in all lesions, likely representing 
inflammatory cells within the lesions and arguing against a 
neoplastic proliferation. To the best of our knowledge, there 
is no report of malignant transformation of a neuroglial 
heterotopia in the head and neck or any other extracranial 
site. However, in cases with concerning clinical and/or 
histological features, additional analyses can be performed 
to evaluate for possible glial malignancy, including 
immunohistochemistry for IDH1 R132H, P53, and ATRX. 
Similarly, cytogenetic and molecular studies on resected 
tissue can be performed to identify genetic signatures of glial 
neoplasms.[18]

e origin of neuroglial heterotopia in the middle ear is 
uncertain with multiple potential explanations, including 
aberrant development, trauma, and/or chronic infection/
inflammation of the middle ear cavity.[13,23] e association 
with congenital facial abnormalities suggests that at least 
in some cases, aberrant development may play a role in 
patients presenting earlier in life. e middle ear cavity 
develops from the first two pharyngeal arches and the first 
pharyngeal pouch, while the bones in the middle ear and 
anterior portions of the skull are derived from neural crest 
derivatives. Neuroectodermal tissue is not normally found 
in these structures due to physical separation between the 
developing neural tube and the pharyngeal arches/pouches.[4] 
However, it is possible that a failure of anterior neuropore 
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closure during the 4th week of gestation may lead to persistent 
neuroectoderm attached to surface endoderm and result in 
misplaced neuroglial tissue within the middle ear. However, 
there are several patients with a prior history of middle ear 
surgery, where heterotopias were only detected on subsequent 
surgeries, thereby arguing against a developmental origin, 
at least for these cases, since these likely would have been 
detected during the initial surgery.[12,20] us, developmental 
neuroglial misplacement is unlikely to explain all cases.

An alternative explanation is that a temporary bony defect 
in the skull base leads to encephalocele formation with 
sequestration of the herniated brain tissue after subsequent 
closure of the healed defect. e tegmen tympani is a thin 
bone that separates the middle ear cavity from the cranial 
cavity. Repeated bouts of inflammation, infection, and/or 
trauma to this area of bone could create a temporary breach, 
resulting in encephalocele formation. Once the inflammation 
resolves, healing and fibrosis may sequester and isolate 
neuroglial tissue within the middle ear without radiologic or 
clinical evidence of connection to the CNS. Given the thin 
separation between the intracranial space and the middle ear 
by the tegmen tympani, combined with a propensity toward 
middle ear infection/inflammation in the patients presented 
here, this pathological mechanism seems plausible, especially 
in patients with a prior history of infections or trauma.

e correct diagnosis of middle ear neuroglial heterotopias 
has important clinical implications. Presenting symptoms 
are generally vague and nonspecific. However, once a mass 
is identified (typically by imaging studies), the differential 
diagnosis of isolated mass lesions of the middle ear is broad 
and includes cholesteatoma, adenoma, paraganglioma, 
teratoma, meningioma, retrotympanic vascular tumor, 
endolymphatic sac tumor, neuroma, schwannoma, and 
carcinoma. When heterotopic tissue is encountered in the 
middle ear, it is most commonly composed of salivary 
gland tissue.[5] Neuroglial tissue in the middle ear, although 
rare, should prompt a careful search for continuity with 
the CNS. If such a defect is identified, closure of the defect 
and prophylactic antibiotics should be considered to 
prevent meningitis and other serious complications.[11,14] 
Furthermore, based on the results presented here, neuroglial 
heterotopia of the middle ear is a benign, nonneoplastic 
process that is curable with surgery alone, so misclassification 
as a neoplasm could result in unnecessary treatment and 
associated morbidity.

CONCLUSION

We present the clinical, radiological, and detailed 
histopathological characteristics of neuroglial heterotopia in 
the middle ear. Immunohistochemical characterization and 
a low Ki67 proliferation index of these lesions confirm their 
benign natural history. e reactive inflammatory changes 

and history of prior surgery/trauma or chronic infection/
inflammation suggest potential etiologies for these lesions. 
Heterotopic neuroglial tissue should be on the differential 
for mass lesions of the middle ear and correctly recognized 
as a benign, nonneoplastic lesion with favorable long-term 
outcome after surgery.
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