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Abstract

Background: Inflammatory pseudotumors (IPTs) are rare, idiopathic, and inflamma-
tory lesions that are histopathologically benign. Here, we present three cases of laby-
rinthine destruction caused by an IPT.

Methods: The first patient was a 74-year-old male with a mass lesion extending from
the inner ear to the external ear canal. The second patient was a 62-year-old female
with a foliated polycystic lesion in the petrous bone on the dorsal side of the left inter-
nal auditory canal. The third patient was a 68-year-old female with a mass extending
from the inner ear to the middle ear, destroying the semicircular canal and cochlea.
Results: In two cases, we performed surgical resection successfully with no recur-
rence. In the other case, the lesion showed shrinkage after chemotherapy for colorec-
tal cancer incidentally found during the examination process.

Conclusion: Surgical technique and indication for IPT should be based on the location
and function of the lesion. In addition, there is room to consider pharmacotherapy as
a treatment option for IPT of the temporal bone.

Level of Evidence: 4.
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recurrence as well as distant metastasis. Several reports have revealed that

IPT can present as a single lesion or multiple inflammatory masses.?

Inflammatory pseudotumors (IPTs) are rare, idiopathic, and inflammatory
lesions that are histopathologically benign. Histopathologically, IPT is asso-
ciated with nonspecific chronic inflammation with fibroblast proliferation
and strong infiltration of inflammatory cells, such as lymphocytes, plasmo-
cytes, and histiocytes. However, it can be locally invasive and can destroy
adjacent bony tissue.? Similar to neoplastic lesions, some IPTs show local

IPT is most commonly found in the lung but can occur throughout
the body, including the retroperitoneum, mediastinum, spleen, liver,
limbs, and pelvis. Approximately 5% of cases involve the head and
neck.>* In the head and neck region, it is most commonly identified in
the orbit, with some reports in the parapharyngeal space, sinuses,
major salivary glands, and thyroid glands?; it is rare in the temporal
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bone. To date, less than 50 cases of IPT involving the temporal bone
have been reported (Table 1).2°2 Therefore, the clinical physiology
of IPT in the temporal bone has not been fully understood, and no
standard treatment has been established.

Most IPTs involving the temporal bone are located in the mastoid,
and usually affect only the mastoid cavity or middle ear.3® IPTs with
accompanying destruction of the bony labyrinth are extremely rare.
To the best of our knowledge, 11 cases of IPT arising from the inner
ear and involving the internal auditory canal and labyrinth have been
reported in the literature to date.”1+13222931 Thys, the diagnosis and
treatment of IPTs accompanying the destruction of the bony labyrinth
is still challenging.

Here, we report three cases of IPT that affected inner ear struc-
tures (Table 2).

2 | CASE REPORTS

21 | Casel

A 74-year-old male with no significant medical history presented to
his previous doctor with a complaint of right hearing loss and vertigo
6 months before his first visit to our department. Pure tone audiogram
(PTA) showed no measurable hearing on the right. The previous

Previous case reports and sites of destruction by inflammatory pseudotumor of the temporal bone

TABLE 1
Sites of destruction
Middle
Year Case  Mastoid ear
This report 2021 3 1 2
Yanagihara et al® 1991 1 1
Benton et al® 1992 1 1 1
Nam et al” 1994 1 1
Wiseman et al® 1995 1 1 1
Mulder et al’ 1995 3 3 3
Janicki et al'® 1995 1 1 1
Schénermark et al*t 1996 3 3 3
Gasparotti et al*? 2003 1 1
Williamson et al* 2003 1 1 1
Cho et al** 2004 1 1 1
Cho et al*® 2007 1 1 1
Lee et al'® 2007 1 1 1
Lee et al? 2007 1 1 1
Strasnick and Vaughan'” 2008 2 2
Coulson et al*® 2008 1 1 1
Lee et al®? 2008 1 1
Santaolalla-Montoya 2008 1 1 1
etal®
Galindo et al** 2008 1 1
Allona et al?? 2009 1
Goh et al?® 2009 1 1 1
Ajibade et al?* 2010 1 1
Curry et al®® 2010 1 1 1
Papanikolaou et al?® 2012 1 1
Das et al*” 2013 1 1
Tian et al*® 2013 3 3 2
Jung et al®’ 2014
Wang et al*° 2015 1 1
Ortlip et al®* 2017 7 3 4
Sakano et al*? 2018 1 1

Internal
Facial Petrous Intracranial/ auditory
nerve Sigmoid  apex dura Labyrinth  canal
2 2 2 3 3
1
1
1
3
1
3
1
1 1
1
1 1
1
1
1 1
1
1 1
1
1
1 1
1 1
1 2 2
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TABLE 2

Age (Years old)
Sex

Past medical history

Primary symptoms
Other symptoms

Hearing of affected
side

Postoperative
hearing

Location of the

lesion

Destruction of the
perimeter

MRI

Treatment

Progress

Summary of our cases

Case 1
74
Male

None

Hearing loss, vertigo
Otorrhea

No measurable hearing

No change

Middle ear - Facial nerve - Petrous
apex - Middle cranial fossa - Dura -
Labyrinth - Internal auditory canal

Otic capsule, vestibule, cochlea,
ossicles, facial neural tube, and
internal carotid artery canal

Strong contrast effect, T2 low

Resection (transotic approach)

Total removal and no recurrence

Case 2 Case 3
62 68
Female Female

Diabetes, postoperative endometrial
cancer

Hearing loss
Vertigo

No measurable hearing

Slight improvement of bone conduction
hearing

Jugular bulb - Dura - Labyrinth -
Internal auditory canal

Otic capsule, posterior semicircular
canal, vestibule, the base of the skull

Slight contrast effect, T1 high, T2 high,
Lobular multifocal cystic lesions

Resection (retrolabyrinthine approach)

Subtotal removal and no regrowth

Untreated diabetes

Hearing loss, vertigo
Facial nerve paralysis

No measurable hearing

No change

Mastoid - Middle ear - Facial nerve -
Petrous apex - Labyrinth - Internal
auditory canal

Vestibule, cochlea, semicircular canal

Mild contrast effect, T1 iso-low

Transcanal biopsy (chemotherapy for

the colorectal cancer)

Shrinkage and no regrowth

859

Abbreviation: MRI, magnetic resonance imaging.

doctor did not point out any abnormal findings on computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) scans. Following a
diagnosis of sudden onset hearing loss with vertigo, he was treated
with corticosteroid therapy but his hearing did not improve.
Four months later, right-sided otorrhea appeared, and he was noted
to have granulomatous changes in the tympanic membrane and was
referred to our department. On observation of the tympanic mem-
brane, a pulsatile protruding lesion from the tympanic cavity was
observed (Figure 1A). PTA showed no measurable hearing on the right
(Figure 1B). There was no vertigo, facial nerve palsy, or other signifi-
cant neurological abnormalities at the time of examination. Blood
tests revealed no unusual findings. CT imaging showed a mass lesion
extending from the inner ear to the internal auditory canal, tympanic
cavity, and external ear canal. The lesion had destroyed the inner ear
labyrinth (Figure 1C,D). Contrast-enhanced MRI showed a lesion
extending around the inner ear that enhanced avidly with contrast.
This was accompanied by the destruction of the bones surrounding
the lesion (Figure 1E,F). We carefully reviewed the MRI that was per-
formed 6 months before the patient's first visit to our department,
and found a mildly contrast-enhanced lesion around the fundus of the
inner auditory canal.

Transcanal biopsy of the protruding granuloma from the tympanic
cavity was performed. The result indicated inflammatory cell infiltra-
tion by mostly plasmacytoid cells and no neoplastic lesions. We
suspected an IPT of the primary internal auditory canal, but planned a
total resection of the lesion to rule out the diagnosis of a malignant

tumor.

We chose a transotic approach for excision. In addition, subtotal
petrosectomy and a blind sac closure of the external auditory canal
were performed. The lesion was continuous from the fundus of the
internal auditory canal to the vestibular organ and cochlea, with
the destruction of the bone surrounding the internal carotid artery.
The facial nerve was firmly adherent to the lesion. Following a tumor
removal, the internal auditory canal was filled with small pieces of
gelfoam soaked with corticosteroid. The facial nerve, from the genicu-
late ganglion to the vertical portion, was treated as per the aforemen-
tioned procedure. Vertigo remained the same because the loss of
inner ear function was present preoperatively and did not improve
postoperatively.

Histopathological examination revealed only nonspecific inflam-
mation, which led to a definite diagnosis of an IPT (Figure 1G). No
IgG4 positive cells were observed. The patient developed facial nerve
palsy (House-Brackmann grade V) right after the operation, which
recovered to gradelll 1 year later. MRI scans revealed total re-
section of the lesion 3 months after the operation, and the patient

was followed-up for 2 years during which there was no recurrence.

22 | Case2

A 62-year-old woman presented to her previous doctor with a com-
plaint of left-sided hearing loss, one and a half years before her first
visit to our department. She was given a prescription for vitamin B12

and adenosine triphosphate, and her symptoms had improved.
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FIGURE 1 Case 1: A, PTA showed no measurable hearing on the right. B, On observation of the right tympanic membrane, a pulsatile
protruding lesion is seen from the tympanic cavity. C,D, CT shows a mass lesion extending from the inner ear to the internal auditory canal,
tympanic cavity, and external ear canal (arrowhead in C and D). It is accompanied by the destruction of bones (C: axial image, D: coronal Image).
E,F, Contrast-enhanced MRI revealing an avidly enhancing lesion extending around the inner ear (arrowhead in E and F). The longest diameter of
the tumor was 20 mm. G, There is hyperinflammatory granulation tissue growth and fibrosis. The overall picture is consistent with nonspecific
inflammation, with no obvious neoplastic lesions observed. CT, computed tomography; IAC, internal auditory canal; MRI, magnetic resonance
imaging; PTA, pure tone audiogram

Five months before her first visit to our department, she developed Upon her first visit to our department, PTA showed severe senso-
left-sided hearing loss and vertigo again, and was referred to our rineural hearing loss on the left side (Figure 2A), and an otoacoustic
department as CT and MRI scans revealed a mass around the emission test was poorly evoked on the left. She had rightward unidi-

endolymphatic sac. rectional grade Il nystagmus. Blood tests revealed no unusual findings.
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Contrast-enhanced MRI revealed a foliated polycystic lesion in the
petrous bone on the dorsal side of the left internal auditory canal and
showed slight contrast enhancement and hyperintensity on T1-
and T2-weighted sequences (Figure 2C,D). It had progressed to the
bony wall of the cranial base, posterior semicircular canal, and jugular
bulb. It showed a nibbling osteoclastic appearance with sclerosis
around the lesion on CT (Figure 2E). Positron emission tomography-
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CT (PET-CT) revealed that the temporal bone was difficult to evaluate
due to overlap with cerebral accumulation. Her previous medical his-
tory included diabetes mellitus and postoperative endometrial cancer.

Surgical resection was performed for diagnostic treatment
because the lesion was accompanied by bone destruction and a malig-
nant tumor diagnosis could not be excluded. On CT imaging per-
formed on the day prior to surgery, destruction of the bony labyrinth
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FIGURE 2 Case 2: A, PTA at the initial visit to our department. B, PTA at 7 months after the surgery. C, Contrast-enhanced MRI at the initial
visit to our department. It shows a foliated polycystic cystic lesion in the petrous bone on the dorsal side of the left internal auditory canal
(arrowhead). D, T2-weighted MRI performed at the initial visit to our department (arrowhead). It shows a slight contrast effect and hyperintense
signal on both T1- and T2-weighted studies. The longest diameter of the tumor was 12 mm. E, CT at the initial visit to our department shows a
mass lesion around an endolymphatic sac showing bone destruction (arrowhead). F, On the CT performed the day before surgery, the destruction
of the bone was advanced (arrowhead). G, Dilated vasculature is seen, with fibrous connective tissue, bony tissue, inflammatory cell infiltration,
and hemosiderosis. CT, computed tomography; IAC, internal auditory canal; MRI, magnetic resonance imaging; PTA, pure tone audiogram
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was slightly advanced (Figure 2F). The surgery was performed using a
retrolabyrinthine approach with auditory brainstem response (ABR)
hearing monitoring. There was a dark blue lesion posterior and inferior
to the posterior semicircular canal. The endolymphatic sac was com-
pressed but not visually contiguous with the lesion. The wall of the
lesion was a hard-fibrous tissue with some dark brown reservoirs
inside. Rapid intraoperative histopathology indicated no neoplastic
lesions. To preserve the cochlear function, we decided not to perform
a total resection of the lesion near the vestibule. We were able to
detach the lesion from the wall of the jugular bulb. Intraoperatively,
ABR waveforms became to show higher amplitude. Finally, more iden-
tifiable waveforms could be detected compared to the waveforms at
the start of the operation. Overall, a subtotal resection was achieved
with more than 95% of the lesions removed. The postoperative period
passed without complications such as facial nerve palsy.
Histopathological examination revealed nonspecific inflammatory
cell infiltration and fibrous connective tissue without 1gG4 positive
cells (Figure 2G). This result was compatible with an IPT. Hearing tests
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performed 8 days postoperatively showed an improvement in the
bone-conducted hearing at 250, 500, and 1000 Hz (up to 15 dB);
hearing tests performed 7 months postoperatively did not differ much
from those performed at 8 days postoperatively (Figure 2B).
Four months after surgery, CT showed no progression of the bone
destruction. Seven months after surgery, MRI scans identified small
residual lesions, which did not grow 2 years after surgery. The vertigo

improved over several months.

23 | Case3

A 68-year-old female patient developed vertigo and tinnitus 1 month
before her first visit to our department and the symptoms self-
resolved in approximately 4 days. She was presented to our depart-
ment with a complaint of left-sided facial palsy. At that time, the facial
palsy was House-Brackmann grade V. She had rightward unidirec-
tional nystagmus. PTA showed no measurable hearing on the left

FIGURE 3 Case 3: A, PTA showed no measurable hearing on the left. B, Contrast-enhanced MRI shows a lesion extending from the internal
auditory canal to the middle ear (arrowhead). The longest diameter of the tumor was 16 mm. C,D, The lesion was found to extend from the
internal auditory canal to the middle ear with destruction of the semicircular canal and cochlea (arrowhead) (C: axial image, D: coronal Image).

E, There is a dense infiltration of inflammatory cells, mainly lymphocytes and plasmacytes, and increased capillary growth. The tissue is
inflammatory granulation tissue, with no findings suggestive of a tumor. IAC, internal auditory canal; MRI, magnetic resonance imaging; PTA, pure

tone audiogram
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(Figure 3A). MRI scans showed weak contrast-enhancement in the
internal auditory canal, but based on the imaging findings we diag-
nosed Ramsay Hunt syndrome. Given that she had untreated diabe-
tes, she was hospitalized for facial nerve palsy and was treated with
intravenous steroid therapy. Four months after onset, the facial nerve
palsy improved to House-Brackmann grade lll, but the left-sided hear-
ing did not. The vertigo had already improved. Six months after onset,
the left tympanic membrane was slightly bulging in the upper poste-
rior region, and there was poor transparency in the tympanic cavity.
MRI revealed an increase in the size of the lesions which enhanced
with contrast administration; the semicircular canal and cochlea were
obscured (Figure 3B). CT showed a soft tissue shadow extending from
the internal auditory canal to the middle ear, destroying all of the
semicircular canal and cochlea (Figure 3C,D). Blood tests revealed no
unusual findings.

We suspected a neoplastic lesion and performed a transcanal
biopsy. The middle ear was filled with granulomatous tissue, and the
cochlea and vestibule had been destroyed. Biopsies were performed
for the mass in the middle ear, vestibule, and cochlea. On rapid
intraoperative examination, none of the findings were clear enough to
determine a tumor component. Histopathological examination rev-
ealed dense infiltration of inflammatory cells, mainly lymphocytes and
plasmocytes, and the growth of capillaries. It was confirmed as inflam-
matory granulation tissue and there were no findings suggestive of a
tumor (Figure 3E). There were only a few IgG4 positive cells. We diag-
nosed the lesion as an IPT.

We performed PET-CT for additional inspection, which confirmed
a sclerotic bone lesion and mild hyperaccumulation in the left middle
ear, and hyperaccumulation in the anterior cecum and anterior colon
lymph nodes. She was diagnosed with colorectal cancer, and under-
went surgery and chemotherapy (XELOX regimen) under the care of
the Gastrointestinal Surgery Department. Four months later, MRI rev-
ealed shrinkage in mass in the temporal bone. The mass subsequently
maintained a reduction in size, and was planned to be monitored by
regular MRI scans. The status of the facial nerve palsy and hearing
remained unchanged from the preoperative period.

This study was conducted in accordance with the approval of the
ethics committee of the Keio University School of Medicine (approval
no. 20200033). Informed consent for publication was obtained from

all the patients.

3 | DISCUSSION

IPT is a destructive lesion but represents a benign disease.! Destruc-
tion of the cochlea or vestibular organ can be caused by primary tem-
poral bone malignancy, metastatic malignancy, malignant lymphoma,
vestibular schwannoma, facial nerve schwannoma, cholesteatoma,
paraganglioma, or infectious diseases (eg, otitis media tuberculosis or
gangrenous otitis media). Other differential diagnoses of temporal
bone mass lesions include cholesterin granuloma, angiectopia, malig-
nant otitis externa, and sarcoidosis. To confirm the diagnosis, a com-

prehensive evaluation of the subjective symptoms, tympanic findings,

neurological findings, blood tests, bacterial culture tests, tuberculosis
tests, and imaging tests are required.

IPT of the temporal bone can cause various symptoms depending
on its origin in the temporal bone and occurs most frequently in the
mastoid. Spinazzi et al reported that the most frequent subjective
symptom of IPT was hearing loss (53.8%), followed by earache/head-
ache (38.5%), otorrhea (33.3%), tinnitus (20.5%), dizziness (15.4%),
and facial paralysis (10.3%).3® Subjective symptoms were seen
depending on the degree of extension of the lesion, with extension to
the middle ear present on imaging in 48.7%, the inner ear in 23.1%,
and the outer ear in 10.2%.%° Table 1 shows the reported cases with
lesions in the inner ear. The chief complaints in all of our cases were
hearing loss and vertigo. One patient had otorrhea, and another
patient suffered from facial nerve palsy.

No specific findings on blood tests have been reported for IPT,
but they are useful for ruling out other diseases. To differentiate from
other diseases, peripheral blood count, C-reactive protein, g-D glucan,
serologic tests for syphilis (rapid plasma reagin card agglutination test
and treponema pallidum antibody hemagglutination test), tuberculosis,
and human immunodeficiency virus testing can be performed to iden-
tify inflammatory/infective etiologies; squamous cell carcinoma-
related antigen and carcinoembryonic antigen can be performed for
malignancy testing; lactate dehydrogenase and soluble interleukin-2
receptor can identify hematologic diseases; and complement C3/C4/
CH50,
proteinase3-anti-neutrophil cytoplasmic antibody, myeloperoxidase-

ferritin, rheumatoid  factor, antinuclear antibody,
anti-neutrophil cytoplasmic antibody, immunoglobulin G4 (IgG4), and
angiotensin-converting enzyme can confirm autoimmune diseases.
High serum 1gG4 levels are considered to be consistent with a diagno-
sis of 1gG4 sclerosing disease, a subtype of IPT. However, it has been
reported that no difference exists in the site of involvement, clinical
course, or steroid response between IgG4-positive and 1gG4-negative
patients.>* All three cases in the present study had negative serum
1gG4 levels.

The importance of imaging tests for IPT has been established.®®
Park et al reported that MRI findings in cases of IPT located at the
base of the skull and temporal bone have low signal intensity on
T2-weighted images and homogenous contrast enhancement.> Both
T1- and T2-weighted signals are reported to be low in the

> and the spleen is also

pseudotumor of orbital inflammation,®
reported to show T1 iso-low and T2 iso-low intensity signal. The lack
of mobile protons due to the fibrotic background and/or the high cel-
lularity of the lesions maybe the reason for their hypointensity and
weaker enhancement on MR images.*¢ All three of our cases showed
contrast enhancement but a variable pattern on T1- and T2-weighted
MRI. Our experience indicates that contrast enhancement on MRI is
still useful as part of the diagnostic workup if suspecting IPT, but IPT
can show a variable pattern and it is not possible to confirm a diagno-
sis of IPT using only T1- or T2-weighted imaging.

Some previous studies on IPT of the lung reported that F-18
fluorodeoxyglucose PET showed high uptake in the IPT.3” In case 3,
light accumulation in the middle ear was observed; however, in case 2,

evaluation was difficult because it overlapped with the accumulation
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of the brain. PET-CT may be of little value because of the increased
accumulation of malignancy and inflammation. Although uncommon,
there have been reports of cases with distant metastasis, so it may be
worthwhile to use PET for the detection of distant metastasis.

The treatment of IPT remains controversial. Surgical resection,
radiotherapy, steroid treatment, and chemotherapy have been tried.>3
There are several differences in the treatment of IPT, depending on
the primary organ.3® Surgical treatments have been preferred in most
cases involving the temporal bone.3® In lung lesions, which are the
most frequently reported type of IPT, surgical resection is often
the first choice.®” IPT is the third most common intraorbital tumor;
steroid therapy is usually the treatment of choice, with the complete
resolution with steroid therapy in about 50% of cases.*>*! Radiation
therapy is the treatment of choice for patients with contraindications
to steroid use or with a poor response to steroids.*? In the case of
sinus lesions, although steroids are less effective than for orbital
lesions, both steroid therapy and surgery are the choice of treat-
ment.3>*3 In case 1, the patient was initially given steroids for acute
sensorineural hearing loss with vertigo. An effect of steroids in the
size of the mass was suspected because the progression of the lesion
was observed after the steroid administration. In case 2, no steroids
were administered due to a history of diabetes. In case 3, steroids
were initially administered for facial nerve palsy, and were also admin-
istered as antiemetic agents during the chemotherapy for colorectal
cancer. More steroids were administered for this case than in the
other cases, and its role in reduction of the size may have been
observed; however, the possibility of chemotherapy effects or simply
spontaneous regression cannot be ruled out. Other cases of spontane-
ous resolution of IPT at other sites have also been reported,***> and
temporal bone lesions may also spontaneously resolve. There have
also been cases in which surgery was combined with chemotherapy.3?

There have been no previous studies reporting an appropriate
method or duration of the postoperative follow-up for patients with
IPT. Our experience suggests that contrast-enhanced MRI is useful
for checking tumor recurrence, and CT is useful for checking progres-
sive bone destruction. Contrast-enhanced MRI may not be suitable
for detecting early lesions, but the contrast effect can become stron-
ger as the lesion progresses and can be compared between preopera-
tive and postoperative imaging findings. In case 1, we confirmed that
all of the tumors had been resected on MRI 3 months later, and the
same was evident on MRI scans performed 2 years later. In case 2,
even though the bone destruction had progressed 2.5 months before
the surgery, the CT scan performed 4 months after the surgery rev-
ealed no progressive bone destruction. In case 3, 4 months after the
biopsy and treatment for colorectal cancer the lesion had reduced in
size. The prognosis of tumor reduction after chemotherapy without
resection remains unclear, and long-term follow-ups are necessary.

In conclusion, IPTs originating from the temporal bone are rare,
and there are few reports of those that destroy the inner ear. Surgical
removal has a possibility to improve the prognosis, but the indication
should be judged based on the location and function of the lesion. In
addition, there is room to consider pharmacotherapy as a treatment

option for temporal bone IPT.
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