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ABSTRACT

Background: Middle ear adenoma (MEA) is a rare primary tumor of the middle ear. Clinical and radiological findings are non-specific and rarely
suggestive of this condition. In order to find out the common specific characteristics of MEA and assist in preoperative diagnosis, we conducted

this study.

Methods: Three patients with pathologically confirmed MEA were treated in our hospital from January 2018 to February 2022. We collected and
analyzed computed tomography (CT) and magnetic resonance imaging (MRI) data of them, and we fused T1 enhancement sequences of MRI
and CT and made a 3-dimensional reconstruction with 3D Slicer. We also compared preoperative images with intraoperative findings.

Results: We found that all MEA lesions of the tympanum were located between the manubrium of the malleus and the ostium tympanicum
tubae auditivae. This was different than the common site of the paraganglioma or the cholesteatoma; the results were confirmed in subsequent
surgical operations. We also found that the otoscopic appearances of MEA were special.

Conclusion: The results indicate that MEA may mainly occur near the ostium tympanicum tubae auditivae. As the tumor grows, it may invade
backward or outward into the external auditory canal. Clinicians can identify MEA early through its spatial location in CT and MRI.
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Introduction

Middle ear adenoma (MEA) or adenomatous neuroendocrine
tumor (MEANT) is a rare disease; less than 1% of all neuroen-
docrine tumors arise in the middle ear.! About 200 cases of
middle ear adenoma have been reported in the English litera-
ture.? Most MEAs are benign tumors and may originate from
the mucosa in any part of the middle ear. The disease has no
typical clinical symptoms. The clinical symptoms of most cases
are hearing loss, tinnitus, aural fullness, otalgia, and otorrhea.? 2

The clinical characteristics of MEA make it difficult for clini-
cians to distinguish it from other common middle ear diseases
such as middle ear cholesteatoma, paraganglioma, middle ear
cholesterol granulation, and secretory otitis media. The final
diagnosis can only be confirmed by histological and immuno-
histochemical findings. This may lead to delayed or incomplete
treatment. Due to insufficient preoperative understanding of
the disease, approximately 25% of MEA cases will recur after

surgical operation.? Although most MEAs are benign tumors,
some patients may develop regional and/or distant metasta-
ses. Thus, early diagnosis and complete initial local tumor con-
trol are very important. Here, we collected and analyzed the
clinical data of MEA patients treated in our hospital in recent
years to look for common clinical characteristics and to help
clinicians diagnose diseases early before operation.

Methods

Three patients with pathologically confirmed MEA were
treated at Eye & ENT Hospital of Fudan University from
January 2018 to February 2022. All patient information about
clinical symptoms, imaging examinations, medical records, and
follow-up data were collected and retrospectively analyzed.
The study was approved by the ethics committee of Eye &
ENT Hospital of Fudan University, and informed consent was
obtained from all subjects involved in the study (Approval No:
2021-YS-136, Date: December 9, 2021).
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For a 3-dimensional display of the range and size of middle ear
lesions, we fused and reconstructed the images of magnetic
resonance imaging (MRI) and computed tomography (CT) data
with 3D Slicer (version 4.11.20210226). The sequences we
fused were T1 enhancement sequences of MRI and bone win-
dow sequences of CT, the transparency of both was adjusted
to 50%. The extension used was SlicerElastix (http://elastix.
isi.uu.nl/). Detailed information about these operations can be
found in the manufacturer’s instructions.

Results

Patient Characteristics and Clinical Symptoms

Case 1 was a 30-year-old female. She came to our hospital
because of left ear pain for 1 month. She also had hearing loss
and tinnitus in the left ear. An otoscope examination showed
abnormal red tissue growth in the left external auditory canal;
the tympanic membrane was not seen. Case 2 was a 45-year-
old male. He presented to our hospital with hearing loss, aural
fullness, and tinnitus in his left ear for 7 months. Otoscope
examination showed that the left tympanic membrane was
intact, and the tympanum was suspicious and full of effusion
(Figure 1A). Case 3 was a 39-year-old female who complained of
aural fullness and hearing loss in the right ear, which lasted for 2
years. An otoscope examination showed that the right tympanic
membrane was invaginated, and the tympanum was full of effu-
sion and suspicious granulation tissue (Figure 1B). The patient
characteristics and clinical symptoms are shown in Table 1.

Magnetic Resonance Imaging and Computed Tomography
Features

The T1 and T2 signals of the lesion were slightly higher than
cerebral white matter in case 1 (Figures 2A,B). There was a
diffusion limitation on diffusion-weighted images (DWIs)
(Figure 2C); the lesion was significantly enhanced by gado-
linium (Figure 2D). In case 2, the MRI features of the tympanic
lesion were consistent with those in case 1, except that the
T1 signal was isointense (Figures 3A-D). The tympanic lesion
in case 3 had T1 and T2 hyperintensity, limited diffusion, and
slight gadolinium enhancement (Figures 4A-D). The common

Main Points

Clinicians can make a preoperative diagnosis through 3D
reconstruction of the middle ear adenoma.

Otoscopic appearances of middle ear adenoma were differ-
ent than paraganglioma and cholesteatoma.

Middle ear adenoma mainly occurs near the ostium tympani-
cum tubae auditivae.
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Figure 1. Otoscopy examination. (A) Case 2. The tympanic membrane
bulged outward because of effusion in the tympanum; the shape of
the middle ear adenoma was unclear. (B) Case 3. A brownish-red
mass in front of the malleus is seen.

features of MRI in these 3 cases were T2 hyperintensity, lim-
ited diffusion, and different degrees of enhancement.

The soft tissue in the tympanum can be seen on CT in all cases.
There was no obvious bone destruction in the ossicular chain.
In case 1, the lesion invaded the external auditory canal, and the
bone of the external auditory canal was also intact (Figure 2E).
In case 2, the transparency of the mastoid air cell decreased
because of mastoid effusion (Figure 3E).

In order to understand the location and extent of the tym-
panic lesions, we fused the MRI and CT of the patients and
performed a 3-dimensional reconstruction with 3D Slicer.
The reconstruction was done based on a T1 enhancement
sequence of MRI and CT. All 3 MEA lesions of the tympanum
were mainly located before the manubrium of the malleus
(Figures 5A-C).

Treatment and Follow-up

Case 1 was initially diagnosed as an external auditory canal neo-
plasm. The CT and MRI were suggestive of paraganglioma. We
removed the tumor through the canal wall via tympanomas-
toidectomy. During the operation, we found that the lesions
were mainly located in the supratubal recess and ostium
tympanicum tubae auditivae. They penetrated the tympanic
membrane outward and invaded the external auditory canal.
We removed the malleus and incus although they were intact;
we also reconstructed the ossicular chain.

Case 2 was treated as secretory otitis media, and tympano-
centesis was performed. MRl and CT suggested paraganglioma
or cholesteatoma. We also did a canal wall-up tympanomas-
toidectomy and found that the lesion was located in the
mesotympanum and hypotympanum forward to the ostium
tympanicum tubae auditivae, and back to the aditus ad antrum.
The main part of the tumor was located in front of the mal-
leus, with invasion of the ossicular chain and bone destruction.

Table 1. Characteristics and Clinical Symptoms of Middle Ear Adenoma Patients

Clinical Symptoms

Age Hearing Aural
Gender (Years) Loss Fullness Tinnitus Otalgia Vertigo Otorrhea Preliminary Diagnosis
Case1 Female 30 Yes No Yes Yes No No External auditory canal neoplasm
Case2 Male 45 Yes Yes Yes No No No Secretory otitis media
Case 3 Female 39 Yes Yes Yes No No No Secretory otitis media
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Figure 2. Case 1. Soft tissue mass in the left external auditory canal and tympanum (white arrow). (A) T1-weighted imaging. The lesion signal
was slightly higher than the white matter. (B) Slightly higher T2-weighted imaging. (C) Slightly limited diffusion in diffusion-weighted images.
(D) The lesion had obvious and uniform enhancement. (E) There was no obvious destruction of auditory ossicles and external auditory canal
bones in computed tomography. (F) Overlaid magnetic resonance images and computed tomography images.

We also removed the malleus and incus and reconstructed the
ossicular chain.

Case 3 is the most difficult to diagnose. She was treated as
secretory otitis media for 2 years and had 2 rounds of CT and
MRI scans. The change in the tympanic lesion was not obvious,
and we suspected cholesterol granulation. Tympanocentesis
and myringotomy with grommet insertion were performed,
which led to significantly improved symptoms. However, the
grommet eventually fell off, and her symptoms soon returned.

We then performed endoscopic tympanoplasty and found a
lesion located in the supratubal recess and the ostium tym-
panicum tubae auditivae; the ossicular chain was intact and
preserved.

The postoperative pathology of these 3 cases was confirmed
to be MEA. The immunohistochemistry information can be
found in Table 2. All cases were followed up regularly based
on symptoms as well as CT and MRI scanning after the opera-
tion. Case 1 was followed for 44 months, case 2 was followed

Figure 3. Case 2. A soft tissue mass can be seen in the left tympanum (the white arrow). (A) The lesion signal was medium in T1-weighted
imaging. (B) Slightly higher T2-weighted imaging. (C) Limited diffusion in diffusion-weighted images. (D) The lesion was obviously enhanced. (E)
There was no obvious destruction of bone in computed tomography. (F) Overlaid magnetic resonance images and computed tomography images.
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Figure 4. Case 3. A soft tissue mass can be seen in the right tympanum (the white arrow). (A) T1-weighted imaging. The lesion signal was
higher. (B) Slightly higher in T2-weighted imaging. (C) Slightly limited diffusion in diffusion-weighted images. (D) The lesion was slightly
enhanced. (E) There was no obvious destruction of auditory ossicles in computed tomography. (F) Overlaid magnetic resonance imaging and

computed tomography images.

for 9 months, and case 3 was followed for 6 months; the
average was 19.7 months. No recurrence was found in any of
the cases.

Discussion

Middle ear adenoma is a very rare middle ear disease, although
it has been reported in the literature for at least 100 years.
The results show the histopathological spectrum with glan-
dular and neuroendocrine features. Histologically, the tumors
are infiltrative with a common glandular growth pattern. They
may also exhibit other growth patterns, including trabecular,

Figure 5. 3D reconstruction based on enhanced magnetic resonance
imaging and computed tomography. (A) Case 1: Only the tympanic
lesion is shown. The lesion in the tympanum also invaded the external
auditory canal outward. (B) Case 2: The lesion invaded backward
across the ossicular chain. (C) Case 3: The lesion was completely in
front of the ossicular chain.

solid, cystic, sheet-like, and nested appearances.® Glandular
structures often occur individually or back to back. The inter-
vening stroma is usually sparse and may be desmoplastic.?
Immunohistochemistry showed that most tumors have a neu-
roendocrine differentiation. The common immunohistochemi-
cal markers are CAM5.2, EMA, chromogranin, synaptophysin,
CD586, vimentin, cytokeratin, and pancreatic polypeptide. 22

The histologic heterogeneity of MEA has led to equivocal ter-
minology. It is also known as carcinoid, adenocarcinoid, amphi-
crine tumor, adenomatous tumor, or neuroendocrine adenoma
of the middle ear;>® the phrase "middle ear neuroendocrine
tumor” has also been used.* The pathogenesis is still not clear.
Epithelial cells with neuroendocrine differentiation do not
exist in the middle ear; MEA may originate from displaced or
entrapped embryonic rests of glandular cells or neural crest-
derived stem cells in the middle ear mucosa.>® Another expla-
nation is that MEA may originate from an undifferentiated
pluripotential endodermal stem cell.”

Middle ear adenoma commonly has a benign biological behav-
ior with an indolent growth pattern. It generally exhibits an
expansile rather than infiltrative growth pattern. However,
cases of tumor recurrence and even metastasis have been
reported.* 8% The first choice of treatment for MEA is surgi-
cal resection, usually removal of the ossicular chain. Relapse is
common if the tumor is not completely removed. Therefore, it
is critical to identify the tumor before the operation.

Middle ear adenoma usually presents as a nonspecific middle
ear mass and has no specific clinical characteristics. The com-
mon presenting symptoms are hearing loss, tinnitus, aural full-
ness, otalgia, and otorrhea. A few patients have facial paralysis.
2Thus, there are many challenges in clinical diagnosis. Common
presumptive diagnoses based on clinical exam (before surgery)
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Table 2. Immunohistochemistry Data

CKpan P63 Syn CHG CD56 S100 CK8 Ki67 Vimentin NSE
Case 1 + - + - + + + 2% / -
Case 2 + - + + + - / 1% / -
Case 3 + - + - + - + 1% + /

CHG, chromogranin; CKpan, cytokeratin pan; NSE, neuron-specific enolase; Syn, synapsin.

include temporal bone paraganglioma and cholesteatoma. '°
Our primary diagnoses were paraganglioma, cholesteatoma,
secretory otitis media, and middle ear cholesterol granuloma
even after we had obtained the CT or MRI data in these cases.

The CT radiographic findings lack specificity. On MRI, the
tumors can be hypointense, isointense, or hyperintense rela-
tive to white matter on T1-weighted images. They are isoin-
tense to hyperintense on T2-weighted images. Most tumors
are enhanced or extensively enhanced by gadolinium but
not all.® ™12 There is no diffusion on DWI in most tumors, >
but there may be diffusion in some case.” The lesions were
hyperintense on T2 with limited diffusion on DWI; they were
enhanced by gadolinium, but the features were inconsistent
on T1 (Figures 2-4).

The locations of MEA had similarities that facilitate a correct
diagnosis before operation. We fused the patients’ MRI and
CT and performed a 3-dimensional reconstruction with 3D
Slicer. The reconstruction was done based on T1 enhancement
sequences of MRI and CT. The lesions were mainly located
before the manubrium of the malleus. During the surgery,
we also found that the tympanic tumors were located mainly
between the manubrium of malleus and the ostium tympani-
cum tubae auditivae. This suggests that MEA possibly mainly
originates from the anterior superior tympanum. The growth
can invade the external auditory canal outward and the tym-
panic antrum and mastoid cells backward. These results make
the disease distinguishable from paraganglioma, which is most
similar to MEA in imaging. Paraganglioma is mainly located at
the hypotympanum or the top of the glomus jugulare, in its
early stages. Otoscopy is also crucial to identify MEA before
the operation. Tympanic paragangliomas are usually redder
and pulsatile; cholesteatomas are grayish white; and choles-
terol granulomas are generally light blue. Case 3 has a brown-
ish-red mass in front of the malleus.

As the tumor grows, however, it may affect the entire tym-
panum and even the mastoid. It can also grow outward and
involve the external auditory canal. This makes differential
diagnosis difficult. Therefore, CT and/or MRI should be done
as soon as possible in patients with hearing loss or aural full-
ness when routine treatment is ineffective. A careful otoscope
evaluation is needed for a confident diagnosis. Of course, this
work uses only a small number of cases. Additional follow-up
studies are needed to confirm our conclusions.

In conclusion, MEA often mimics inflammatory diseases of
the middle ear in the early stages, including secretory otitis
media, and it is similar to paraganglioma and cholesteatoma
in imaging. To date, there have been no reports on how to
make a preoperative diagnosis. We found that the tumors
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were mainly located between the manubrium of malleus and
the ostium tympanicum tubae auditivae in their early stages.
Otoscopic appearances were different than paraganglioma
and cholesteatoma. However, the number of cases in this
study is limited, and more research is needed. We cannot
be certain about the proportion of MEA originating from
the anterior upper part of the tympanum. We hope that our
findings can provide a reference for clinicians to identify
MEA early.
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