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Abstract

Purpose Endolymphatic sac tumor (ELST) is a rare, slow-growing, and low-grade malignant tumor arising from the endo-
lymphatic sac in the posterior petrous bone. The purpose of this study is to describe the clinical and radiologic features, and
investigate the clinicoradiologic correlation of ELST.

Methods We retrospectively reviewed the clinical, computed tomography (CT), magnetic resonance imaging (MRI), and
pathologic findings of 14 patients with 15 ELSTs.

Results Patients comprised of eight women and six men with a mean age of 42.3 years at the time of diagnosis and 35.2 years
at the time of initial symptoms. The mean interval between initial symptoms and diagnosis was 84.7 months. The most fre-
quent cochleovestibular symptom was hearing loss in 14 patients (100%); other cochleovestibular symptoms were tinnitus
in eight patients (57.1%), vertigo in three patients (21.4%), and aural fullness in three patients (21.4%). Ten patients (71.4%)
presented with facial paralyses and five patients (14.3%) presented lower cranial nerve deficits. CT findings revealed spicu-
lated, stippled, or reticular high density within the tumors. The lesions involved mastoid cells, vertical facial nerve canal,
semicircular canal, cochlea, tympanum, jugular foramen, internal auditory canal, or petrous apex. On the available MRI, all
the eight lesions showed patchy and/or speckled hyperintensity on unenhanced T1WI. Five lesions showed flow voids on
T2WI and T1WI. Three lesions had blood fluid levels within cysts.

Conclusion CT and MRI findings of ELSTs are associated with clinical features. Imaging tests should be performed to
identify ELSTs early and ensure greater potential for hearing preservation in patients with cochleovestibular symptoms.
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nant epithelial tumor arising from the endolymphatic sac in
the temporal bone [1]. It is a slow-growing, locally aggres-
sive neoplasm that destroys the temporal bone and exhibits a
papillary glandular appearance [2, 3]. In 1984, Hassard and
his colleagues [4] described the first case of ELST. In 1988,
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Gaffey et al. [5] recognized a locally destructive tumor of
the temporal bone in the region of the endolymphatic sac,
and classified such tumor into the more aggressive papil-
lary adenoma distinct from middle ear adenoma. In 1989,
Heffner [6] reported a series of 20 patients with papillary
epithelial tumors of the temporal bone with an epicenter at
the posteromedial petrous bone where the endolymphatic sac
resides. In 1993, Li et al. [7] proposed a reclassification of
these aggressive adenomatous papillary neoplasms as endo-
lymphatic sac tumors. It was Heffner who provided evidence
that these aggressive tumors arise from the endolymphatic
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sac, so ELST was also called Heffner’s tumor. These tumors
can occur sporadically or be a part of von Hippel-Lindau
(VHL) syndrome, an autosomal dominant disease predispos-
ing to a variety of lesions, such as hemangioblastomas of the
retina and central nervous system (CNS), pheochromocyto-
mas, clear cell renal cell carcinomas, pancreatic neuroendo-
crine tumors, and pancreatic cystadenomas [8—10].

In this article, we reported 14 patients with ELSTs regard-
ing the clinical and radiographic features with the pathologic
findings and a review of the literature.

Materials and methods

This was a retrospective study on 14 patients with 15 ELSTs
(bilateral tumors in 1 case) between August 2008 and June
2018. The clinical, radiographic, surgical, and pathologic
findings were retrieved and reviewed. This study was
approved by the Ethics Committee of the Fifth Affiliated
Hospital of Sun Yat-sen University.

Clinical findings included patient’s age, the time between
the initial onset of symptoms and diagnosis, the clinical
symptoms at presentation, and a family of VHL disease.

All the patients underwent high-resolution computed
tomography (HRCT) scanning and magnetic resonance
imaging (MRI) scanning for the radiological assessment
before the surgical treatment, but MRI of six patients was not
available. The magnetic resonance (MR) sequences included
unenhanced and gadolinium-enhanced T1-weighted imaging
(T1WI), T2-weighted imaging (T2WI), and fluid-attenuated
inversion recovery (FLAIR). The radiologic data included
retrolabyrinthine regions involvement, focal bone destruc-
tion of the posterior aspect of the petrosal bone, tumor size,
intratumoral residual bone, and expanded bone rim on CT,
MRI signals, and extension and invasion of the adjacent
structures.

All patients underwent surgical resection, and different
surgical procedures were performed according to the differ-
ent size, localization, and extension of the tumors. The pro-
cedures are outlined in Table 1. Three patients (cases 1, 13,
14) underwent subtotal resection because the tumors were
firmly adherent to the critical structures and severe intra-
operative bleeding was difficult to control. Post-operative
radiotherapy was used with 70 Gy in 35 fractions in case 1
and 60 Gy in 30 fractions in case 14, but both of them still
had recurrence later. Case 13 who did not receive radiother-
apy underwent second surgery and also had recurrence. One
patient (case 8) with VHL disease who had bilateral tumors
underwent surgical resection with bilateral procedures and
right cochlear implantation for hearing rehabilitation after
resection. Pre-operative angiography was performed for five
patients and pre-operative embolization of the tumors was
performed in three cases.
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Histopathologic analysis was performed for all the
tumors. Routine paraffin-embedded tissue for HE and EnVi-
sion method was used for immunohistochemistry. Histo-
pathologic finding was reviewed by a senior pathologist.

Results
Clinical findings

The clinical data are summarized in Table 1. Our series
consisted of eight women and six men. Their ages ranged
from 18 to 67 years (mean 42.3 years) at the time of diag-
nosis and 11-62 years (mean 35.2 years) at the time of ini-
tial symptoms. The mean interval between the time of first
symptoms and diagnosis was 84.7 months (ranging from
10 to 216 months). Eleven patients presented with sporadic
ELSTs. Three patients presented with VHL-associated
ELSTs and they were all females and had a known family
history of VHL disease. One of them had a retinal heman-
gioblastoma; another had multiple CNS hemangioblasto-
mas; the last had a CNS hemangioblastoma and multiple
renal cysts. Eight tumors were located in the left temporal
bone and seven tumors in the right temporal bone (bilat-
eral tumors were found in one patient with VHL disease).
The most frequent cochleovestibular symptom was hearing
loss in 14 patients (100%); other cochleovestibular symp-
toms were tinnitus in eight patients (57.1%), vertigo in
three patients (21.4%), and aural fullness in three patients
(21.4%). Ten patients (71.4%) presented with facial paraly-
ses and five patients (14.3%) presented lower cranial nerve
(glossopharyngeal, vagal, and hypoglossal nerve) deficits.

CT and MRI findings

Radiological findings of the tumors are summarized in
Table 2. Tumor size was determined by measuring the
largest diameter in any direction in CT images. The aver-
age diameter for all tumors (15 lesions in 14 patients) was
36.5 mm (ranging from 10.5 to 67.6 mm). CT findings
revealed spiculated, stippled, or reticular high density within
the tumors (Figs. 1a, 2, 3a, b, 4a and 5a). A thin high-density
rim along the posterior margin of the tumor was identifiable
in 6 of the 15 lesions, while it was subtler in other lesions
(Figs. 1a, 2, 3a, b, 4a and 5a). Smaller lesions were centered
in the endolymphatic sac and retrolabyrinthine regions of
the posterior aspect of the petrosal bone (Fig. 2). Larger
lesions extended into adjacent regions, such as mastoid
cells, vertical facial nerve canal, semicircular canal, coch-
lea, tympanum, jugular foramen, internal auditory canal, and
petrous apex (Figs. la, 3a, b, 4a and 5a). Available MRI
showed eight lesions with solid or cystic-solid, heterogenous
soft-tissue masses centered in the retrolabyrinthine region,
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Table 1 Clinical data of 14 patients with endolymphatic sac tumor (ELST)

Case VHL Sex Side Age® Cochleovestibular symptoms

Other symptoms

Surgical approach

1 N M L 26  Hearing loss and tinnitus 3 years

VII paralysis 5 months
IX, X and XII deficit 2-month

Combined transtemporal-retrosig-
moid approach

Cerebrospinal fluid otorrhea 5 days

Hearing loss 10 years

VII deficits 5 months

Infratemporal approach

Earache and flowing blood

Hearing loss, tinnitus and aural
fullness 10 months

Hearing loss and tinnitus 17 years

Vertigo 10 years

5 N F R 34

6 N M L 67  Hearing loss and aural fullness
10 years

Hearing loss and aural fullness
10 years

18 years;
R Hearing loss and tinnitus 4 years
Hearing loss 4 years

10 N F R 25  Hearing loss 10 years

11 N F L 63  Hearing loss 1 year

VII paralysis 5 months
IX and X deficits 3 months

VII paralysis 1 year
IX and X deficits 2 months

Hearing loss and tinnitus 1 year /

VII paralysis 9 months

Flowing pus and blood 3 years
IX and X deficits 2 months

L Hearing loss, tinnitus and vertigo /

VII paralysis 1 year

Earache and flowing pus 2 months
VII paralysis 2 years

Headache 1 year

VII paralysis 6 months
IX, X and XII deficits 1 month

2 months

Translabyrinthine approach

Transcochlear approach with subtotal
petrosectomy

Translabyrinthine approach

Transcochlear approach with subtotal
petrosectomy

Transcochlear approach

Transmastoid retrolabyrinthine
approach

Combined transtemporal retrosig-
moid approach

Combined transtemporal retrosig-
moid approach

Combined

Petroccipital transigmoid approach

Headache 1 month

12 N F R 43
6 years
13 N F R 59  Hearing loss and tinnitus 3 years

14 N F L 22 Hearing loss and tinnitus 5 years

Hearing loss, vertigo and tinnitus ~ /
VII paralysis 1 month

VII paralysis 2 years
Flowing pus and blood 1 year

Transmastoid retrolabyrinthine
approach

Combined transmastoid and middle
cranial fossa approach

Combined transtemporal retrosig-
moid approach

Y present, N absent, M male, F female, L left, R right, VII facial nerve, IX glossopharyngeal nerve, X pneumogastric nerve, X/I hypoglossal nerve

2Age (years) at diagnosis

eight lesions with patchy and/or speckled hyperintensity on
unenhanced T1WI (Figs. lc, 4c and 5c¢), five lesions with
flow voids on T2WI and T1WI (Fig. 4b), three lesions with
blood fluid levels within cysts (Figs. 1b and 5b). On post-
gadolinium T1WI, heterogeneous enhancement was revealed
in all the lesions (Figs. 1d, 4d and 5d).

Surgical findings

Intra-operatively, the tumors were grayish-red or dark red,
hypervascular and prone to bleeding when touched. Seven
tumors were solid and eight tumors were cystic solid. The
cysts were multilocular and sometimes filled with dark red
or brown fluid in the capsules. The facial nerve canals were
intact in four tumors; the facial nerve canals were destroyed
but the lesions did not surround the facial nerves in two
tumors; the facial nerves were partly surrounded but can be
preserved after the lesions were separated in five tumors; the

facial nerves were invaded and nerve graft or nerve anas-
tomosis was performed in four tumors (the great auricular
nerve graft in three cases, the facial nerve—hypoglossal nerve
anastomosis in 1 case).

Histopathological findings

Light microscopy revealed most of the tumors with a papil-
lary and glandular structure, which was lined by a single
layer of flattened cuboidal-to-columnar cells with clear cyto-
plasm and without nuclear atypia (Figs. le and 4e). Some
of the tumors showed cystic cavities filled with colloid-like
material. Immunohistochemically, cytokeratin was positive
in 15 lesions (100%), vimentin positive in 10 (66.7%), S-100
positive in 7 (46.7%), and thyroglobulin and transcription
termination factor 1 negative in all lesions. The proliferation
rate as assessed by the Ki67 immunostain was < 1.0-25.0%.
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Table 2 Radiological features of 14 patients with ELST

Case Size CT characteristics MRI characteristics
mm
(mm) Intratumoral residual Posterior Bone destruction T2WI  T1WI hyperintense Flow voids Enhancement
bone expanded
bone rim
1 67.6 Spiculated Subtle PSPB, PSC, ASC, HSC, NA NA NA NA

cochlea, FNC, IAC,
mastoid cells, tym-
panum, petrous apex,
jugular foramen, HC
2 34.7 Spiculated Subtle PSPB, FNC, IAC, mas- Mixed Present Absent Heterogeneous
toid cells, tympanum, BFL
jugular foramen, HC

3 19.2  Stippled Identifiable PSPB, FNC, IAC, jugular Mixed Present Absent Heterogeneous
foramen, mastoid cells
4 42.4 Spiculated, reticular Identifiable PSPB, FNC, IAC, mas- Mixed Present Present Heterogeneous

toid cells, tympanum, BFL
jugular foramen

5 23.6 Reticular Identifiable PSPB, jugular foramen, =~ Mixed Present Absent Heterogeneous
mastoid cells
6 41.5 Spiculated, reticular Subtle PSPB, FNC, IAC, mas- Mixed Present Present Heterogeneous

toid cells, tympanum,
jugular foramen
7 39.6 Spiculated, reticular Subtle PSPB, PSC, FNC, IAC, Mixed Present Present Heterogeneous
mastoid cells, tym-
panum, petrous apex,
jugular foramen

8 L20.1 Reticular Subtle PSPB, mastoid cells NA NA NA NA
R19.3 Reticular Identifiable PSPB, mastoid cells NA NA NA NA
9 47.5 Spiculated Subtle PSPB, PSC, ASC, HSC, NA NA NA NA

cochlea, FNC, TAC,
mastoid cells, tym-
panum, petrous apex,
jugular foramen

10 38.7 Spiculated Identifiable PSPB, PSC, ASC, HSC, NA NA NA NA
cochlea, FNC, IAC,
mastoid cells, tym-
panum, petrous apex,
jugular foramen

11 50.5 Stippled, reticular, spicu-  Subtle PSPB, PSC, FNC, IAC, Mixed Present Present Heterogeneous
lated mastoid cells, tym- BFL
panum, petrous apex,
jugular foramen, HC

12 10.5 Stippled Identifiable PSPB Mixed Present Absent Heterogeneous

13 41.2 Spiculated Subtle PSPB, PSC, ASC, HSC, Mixed Present Present Heterogeneous
cochlea, FNC, TAC,
mastoid cells, tym-
panum, petrous apex,
jugular foramen, HC

14 51.5 Spiculated subtle PSPB, PSC, ASC, HSC, NA NA NA NA
Reticular cochlea, FNC, IAC,
mastoid cells, tym-
panum, petrous apex,
jugular foramen

PSPB posterior surface of petrous bone, FNC facial nerve canal, /AC internal auditory canal, PSC posterior semicircular canal, ASC anterior
semicircular canal, HSC horizontal semicircular canal, HC hypoglossal canal, BFL blood fluid level, NA not available
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Fig.1 Patient 2. a Axial CT scan through internal auditory canal
shows irregular bone destruction in the posterior labyrinth of the
right petrous bone, with spiculated residual bone in the tumor (black
arrow). The expanded bony rim along the posterior margin of the
tumor is subtle (white arrow). The tumor involves the internal audi-
tory canal (black asterisk). b Axial T2WI shows the predominantly
multicystic appearance of the tumor and the blood fluid level within

Fig.2 Patient 8. Axial CT scan through cochlear aqueduct shows
bilateral tumors in one patient with VHL disease. Both lesions are
centered in the retrolabyrinthine regions of the posterior aspect of
the petrosal bone. The intratumoral bone remnants of the destroyed
petrous bone are reticular in both lesions. The expanded bony rim
along the posterior margin is subtle in the left lesion (white arrow),
but it is identifiable in the right lesion (black arrow)

Discussion
Anatomy and function of endolymphatic sac

ELSTs are aggressive papillary adenomatous tumors

one of the cysts (black arrow). ¢ Unenhanced axial TIWI shows a
few scattered areas of hyperintensity in the tumor (white arrow). d
Enhanced axial TIWI shows heterogeneous enhancement of the
tumor. e Microphotograph of the tumor shows the papillary-type area
lined by cubic or columnar epithelial cells. The tumor cells are mon-
olayer and the nuclei are at the same level (HE x400)

originating from the endolymphatic sac [1]. The endolym-
phatic duct runs in the osseous vestibular aqueduct and
becomes expanded to form the endolymphatic sac situated
under the dura of the petrous bone. The endolymphatic
sac is a component of the membranous labyrinth and
plays important roles in regulating inner ear endolymph
and maintaining vestibular function [11]. Endolymph is
resorbed into the cerebrospinal fluid from the endolym-
phatic sac. Obstruction or damage to the endolymphatic
sac may cause endolymph to accumulate and produce
hydrops, which result in vestibular and cochlear dysfunc-
tion, such as Meniere’s disease [12].

The endolymphatic sac has two parts: (a) a rugose or
intermediate segment, and (b) a distal sac. The rugose seg-
ment is contiguous with the endolymphatic duct and par-
tially covered by bone [11]; ELSTs usually arise from this
part [13, 14]. The distal part of the endolymphatic sac is
ensheathed by two layers of the dura in the posterior cranial
fossa.

Clinical features

ELSTs occur mostly in adults and usually present in the third
and fourth decades of life, over a wide age range from 4 to
85 years [3, 13, 15-17]. About 3% to 15% of cases are asso-
ciated with VHL [18, 19]. Bilateral tumors are seen in nearly
one-third patients who have VHL-associated ELSTs [20].
One article reported that the mean age of the patients with
sporadic ELSTs was 52.5 years, whereas it was 31.3 years
in the patients with associated VHL [21]. There may be a
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Fig.3 Patient 9. Axial CT scans through internal auditory canal
(a) and jugular foramen (b) show moth-eaten bone erosion in the
left petrous bone, with spiculated residual bone in the tumor. The
expanded bony rim along the posterior margin of the tumor is sub-

tle. The tumor involves the internal auditory canal (white arrowhead),
semicircular canal (black arrowhead), cochlea (black asterisk), tym-
panum (white asterisk), jugular foramen (white arrow), and facial
nerve canal (black arrow)

Fig.4 Patient 11. a Axial CT scan through hypoglossal canal shows
irregular bone destruction in the right petrous bone, with stip-
pled, reticular and spiculated residual bone in the tumor. The tumor
involves the hypoglossal canal (white asterisk). b Axial T2WI shows
the predominantly solid appearance of the tumor with flow voids
(white arrow). ¢ Unenhanced axial TIWI shows a few scattered areas

slight female predominance [1]. In the present study, the
average age at the time of diagnosis was 42.2 years with the
female-to-male ratio being 1.33:1, which is consistent with
the findings of the previous studies [3, 6, 13, 16, 17]; the
three patients with associated VHL were all females, one of
which had bilateral ELSTs.

Because of the slow-growing nature of the tumor, the
interval between the first symptoms and the diagnosis
is long. The most common initial symptom is cochle-
ovestibular dysfunction. Hearing loss that presents in
nearly all patients may be sudden or gradual [22, 23].

@ Springer

of hyperintensity in the tumor (white arrow). d Enhanced axial TIWI
shows heterogeneous and avid enhancement of the tumor. e Micro-
photograph of the tumor shows the papillary cystic glandular struc-
ture of endolymphatic sac tumor. The fibrous stroma of the papillary
fronds is rich in vasculatures (HE x 100)

Other common symptoms include tinnitus, vertigo, and
aural fullness. The cochleovestibular symptoms mimic
Meniere’s disease, which may delay the diagnosis [3, 23].
There were three cases (21.4%) initially misdiagnosed as
Meniere’s disease in the present study. Among the cranial
nerves, the facial nerve is involved most often, followed
by the glossopharyngeal, vagal, and trigeminal nerves
[23-25]. In this study, the most common cranial nerve
deficit was facial palsy, followed by lower cranial nerves.
We had no case of trigeminal nerve deficit.
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Fig.5 Patient 4. a Axial CT scan through fenestra vestibuli shows
irregular bone destruction in the left petrous bone, with reticular and
spiculated residual bone in the tumor. The tumor involves the semi-
circular canal (black asterisk) and facial nerve canal (white arrow).

Radiological manifestation

Radiology is important for diagnosis and pre-operative eval-
uation of ELSTs. HRCT can clearly show bone destructions
caused by tumors, especially destructions of facial nerve
canal, jugular foramen, hypoglossal canal, and internal
auditory canal. MRI has excellent sensitivity and resolution
for soft tissue, so it can accurately exhibit the extent of the
tumor.

On CT, geographic or moth-eaten bone destruction can
be seen in the posterior labyrinth of the petrous bone, with
stippled, spiculated or reticular high density in the tumor
[17, 26]. The intratumoral high density stipples, spicules,
and reticulations represent residual bone fragments caused
by tumor infiltration rather than new ossification or calci-
fication, because ELSTs do not produce osteoid, cartilagi-
nous matrix, or ectopic calcium deposits at histopathologic
examination [5, 6]. Our series also showed stippled, spicu-
lated or reticular intratumoral residual bone in all tumors.
There is a thin high-density rim along the posterior margin
of the lesion, which may represent the expanded cortex of

b Axial T2WI shows a blood fluid level in the tumor (black arrow).
¢ Unenhanced axial TIWI shows patchy hyperintensity in the
tumor (black arrow). d Enhanced axial TIWI shows heterogeneous
enhancement of the tumor

the petrous bone [17, 27]. This expanded appearance may
represent its low-grade malignant and slow-growing nature.
In the present study, the thin high-density rim was subtler
in 9 of the 15 lesions. The possible reason is the noise effect
of HRCT scan or the thin rim being destructed.

MRI can excellently show the prominent characteristics
of hypervascularity and intratumoral hemorrhage of ELSTs:
(1) hyperintense rim or foci regions on non-contrast TIWI
but hyperintense, isointense or hypointense on T2WI; (2)
moderate to strong heterogeneous enhancement on post-
contrast TIWI in the solid regions; (3) blood fluid levels
in the capsules of some cystic components; and (4) flow
voids on TIWI and T2WI in some large tumors [17, 22, 23,
28-30]. In our series, intra-operative findings of the gray-
ish-red or dark red hypervascular appearance, easy bleeding
when touched and dark red or brown fluid in some capsules
also suggested these characteristics. On the available MRI of
eight cases, ELSTs presented hyperintense focal signals on
non-contrast T1WI in all cases, blood fluid levels on T2WI
in three cases, and flow voids on TIWI and T2WI in three
cases.
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Clinicoradiological correlation

ELSTs arise from the endolymphatic sac, so they exhibit
an epicenter in the retrolabyrinthine area. CT and MRI
show a tissue mass centered in the retrolabyrinthine
region, eroding the posterior surface of petrous bone. The
tumor within the endolymphatic sac can block normal
endolymphatic fluid resorption and disrupt its homeosta-
sis, resulting in intralabyrinthine hemorrhage followed by
inflammation and endolymphatic hydrops, and then cause
the development of cochleovestibular symptoms, includ-
ing hearing loss, tinnitus, and vertigo [3, 22, 31]. As the
ELST grows, it can aggravate the endolymphatic hydrops
or invade labyrinth system directly, which leads to a more
gradual progression of cochleovestibular dysfunction. At
that stage, the destructions of semicircular canal, cochlea
or even ossicles in tympanum can be exhibited on CT.

There are four potential vectors for tumor extension:
medial, lateral, superior, and anteromedial [23, 29].
Tumors often grow laterally toward the middle ear via
transmastoid route. CT can show bone erosions of mastoid,
vertical segment of facial nerve canal, posterior semicir-
cular canal, and tympanum. Patients may have facial palsy
or produce symptoms that mimic chronic otitis media. In
our series, two cases were misdiagnosed with chronic otitis
media before imaging examination; 11 patients involved
facial nerve canal on CT, 10 of them (90.9%) had facial
paralysis. The total incidence rate (71.4%) of facial paraly-
ses was higher than previous studies [22, 29]. The possible
explanation was that most of the patients in our series did
not undergo radiological scanning when they presented
with cochleovestibular symptoms until facial paralyses.

Medial extension to the cerebellopontine angle region
or posterior fossa is another common growth pathway. CT
and MRI may show destructions of jugular foramen, inter-
nal auditory canal, and lateral part of occipital bone. We
observed different degrees of bone destructions of jugular
foramen in 12 cases, but only five patients (41.7%) had
glossopharyngeal and vagal nerve deficits; destructions
of hypoglossal canal were observed in four cases and two
patients (50%) had hypoglossal nerve deficits. MRI may
also exhibit brainstem and cerebellum compression and
distortion. If the tumors are large enough, brainstem com-
pression may contribute to poor vestibular function and
cause headache [22]. MRI showed brainstem compression
in one case and the patient had headache in our series.

A few tumors can extend superiorly through the semi-
circular canals and into the middle cranial fossa, which
may contribute to headache secondary to brain compres-
sion [3]. In our series, CT demonstrated a tumor invading
the middle cranial fossa in one case and the patient had
related symptom.
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Finally, anteromedial extension along the petrous ridge
may invade the basilar clivus, cavernous sinus, or sphenoid
sinus and contribute to trigeminal nerve deficit [32]. There
was no such case in our series.

It is worth mentioning that multiple growth patterns can
be observed in large tumors. The typical pattern was the
combination of lateral and medial growth directions destroy-
ing the middle ear and invading the cerebellopontine angle
region. Patients may have facial nerve, glossopharyngeal
verve, vagal nerve or hypoglossal nerve deficits besides
cochleovestibular symptoms. The mean time between the
first symptoms and the diagnosis was 84.7 months, which
indicated that many of the patients presented late with
advanced stage disease. Thus, to identify ELSTs early and
ensure greater potential for hearing preservation, imaging
tests should be performed as early as possible in patients
with cochleovestibular symptoms, particularly when other
diseases such as Meniere’s disease, otitis media, and central
nervous system disease cannot explain the symptoms.

Treatment modalities

The primary modality of treatment for ELSTs is extensive
surgery with negative margins. The size of the tumors and
aforementioned pathways of tumor invasion should be con-
sidered when planning the surgical approach. Small tumors
localized to the endolymphatic sac area with no extension in
the surrounding subsites can be dealt with by the transmas-
toid retrolabyrinthine approach; large tumors with labyrin-
thine invasion require the translabyrinthine approach with
facial nerve preservation; larger tumors involving the facial
nerve, the jugular bulb, and the middle ear need infratempo-
ral approach; tumors with deeper involvement of the petrous
bone need transcochlear approach; tumors involving the pos-
terior and middle cranial fossa require combined transtem-
poral retrosigmoid approach or even subtotal resection of
the temporal bone for adequate exposure [30, 28, 29, 33].
Abdominal fat is used to fill the surgical residual cav-
ity and dural substitute is used to seal the dura to prevent
cerebrospinal fluid leaks if the dura is partially excised.
The great auricular nerve is used for nerve graft, or a facial
nerve—hypoglossal nerve anastomosis is performed if the
tumors involve the facial nerves. Post-operative radiother-
apy seems to have a limited role in long-term prognosis for
patients, but may give some beneficial results in subtotal
resection (a roughly 50% risk of tumor regrowth) [28, 34].
In cases of bilateral ELSTs who have VHL disease, cochlear
implantation may be a viable option for hearing rehabilita-
tion, but the tumor has to be resected before it reaches and
destroys the cochlea and the posterior labyrinth [28, 30].
On the basis of the prominent feature of hypervascular-
ity, pre-operative embolization may be helpful to prevent
intra-operative bleeding, minimize morbidities, and facilitate
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complete resection. The blood supply arises predominantly
from the branches of the external carotid artery, such as
posterior auricular artery, occipital artery, and ascending
pharyngeal artery, but may also arise from the branches of
the vertebral artery and the internal carotid artery in larger
tumors [3, 23, 29, 32].

Differential diagnosis

ELSTs must be differentiated from other tumors in petrous
bone and cerebellopontine angle, which have similar clinical
and radiological appearance as ELSTs. This group includes:
paragangliomas, meningiomas, acoustic neuromas, middle
ear carcinomas and choroid plexus papillomas.

The primary locations of the lesions will be helpful for
the differential diagnosis. The center or the epicenter of
ELSTs is in the retrolabyrinthine region. Temporal bone
paragangliomas are normally located in the region of the
jugular foramen and on the promontory along the Jacobson
nerve [35]. Meningiomas and acoustic neuromas are typi-
cally located at the cerebellopontine angle [36, 37]. Mid-
dle ear carcinomas are mainly located in the tympanum,
tympanic sinus, and deep within the external auditory canal
[38]. Choroid plexus papillomas that arise from the lateral
foramen of Luschka may involve the cerebellopontine angle,
but they are intradural tumors that do not exhibit osseous
invasion, and thus lack the osseous erosion that is charac-
teristic of ELSTs [23]. If the lesions are too large and extend
to multiple directions, the initial locations are difficult to
discriminate. However, ELSTs have characteristic imaging
features (intratumoral bone spicules and posterior expanded
bone rim on CT; hyperintense foci on non-contrast T1WI),
which are unusual in other tumors [3, 17, 23, 27, 28, 37-39].

Conclusion

Pre-operative diagnosis and evaluation of ELSTs mainly
depend on radiology. Imaging tests should be performed to
identify ELSTs early and ensure greater potential for hearing
preservation particularly in patients with cochleovestibular
symptoms followed by facial nerve and lower cranial nerve
deficits. If radiology shows bone destructions centered in
retrolabyrinthine with intratumoral residual bone spicules on
CT and the prominent features of hypervascularity and intra-
tumoral hemorrhage on MRI, ELSTs should be diagnosed.
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