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Purpose: The presence of endolymphatic hydrops (EH) in patients with intralabyrinthine

schwannomas (ILSs) is poorly understood. This study aims to determine whether there

is a correlation between endolymphatic hydrops and clinical presentations of ILS.

Methods:Data from nine patients with ILSs were retrospectively reviewed between 2007

and 2020. Temporal bone MRI with intratympanic or intravenous injection of gadolinium

was applied to detect ILSs and EH.

Results: 3D real inversion recovery (IR) sequence MRI of the temporal bone confirmed

ipsilateral EH in four patients (4/6). All four patients with EH on MRI presented with

vertigo similar to Meniere’s disease. Among these patients with EH, one patient with EH

in the cochlea showed moderate sensorineural hearing loss, while three patients with EH

in both the vestibule and cochlea showed profound hearing loss. MRI demonstrated

a transmacular tumor (TMA) in one patient, intravestibular (IV) in four patients, and

vestibulocochlear (VC) in four patients. Two IV cases showed moderated hearing loss,

while the TMA and VC cases showed profound hearing loss. Transotic resection of the

tumor was applied in five patients; translabyrinthine resection was applied in one patient;

two patients were under observation; and one patient was given intratympanic injection of

gentamicin (ITG). During follow-up, all of the treated patients reported relief of vertigo, and

postoperative MRI was performed in two patients, which showed no tumor recurrence.

The two patients under observation showed no deterioration of hearing loss or vertigo.

One patient was lost to follow-up.

Conclusion: EH concurrent with ILSs has been underestimated previously. With the

extensive application of temporal bone MRI paradigms, such as 3D-real IR sequence

MRI, more cases of potential EH in patients with ILS will be identified. The severity of

hearing loss may be associated with the location of the tumor and the degree of EH.

Keywords: intralabyrinthine schwannomas, endolymphatic hydrops, vertigo, hearing loss, MRI

INTRODUCTION

Intralabyrinthine schwannomas (ILSs) are rare benign tumors within the membranous labyrinth
that are reported to arise from the distal branches of the cochlear, superior vestibular, or inferior
vestibular nerves (1, 2). Mayer described the first ILS case in 1917 (3). ILSs have been historically
underdiagnosed, andmost of themwere unexpectedly identified during labyrinthectomy or cadaver
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autopsy (4, 5). With the application of magnetic resonance
imaging (MRI), an increasing number of ILSs have been
identified at the early stage.

Unilateral progressive hearing loss and recurrent vertigo are
the most common symptoms in patients with ILSs (6, 7). These
symptoms may mimic patients suffering from other inner ear
disorders, such as Meniere’s disease, and result in similar findings
in acoustic and vestibular function tests, which further lead to the
misdiagnosis of ILS at the early stage.

Endolymphatic hydrops (EH) is considered a pathological
hallmark of Meniere’s disease. However, EH can also be detected
in other inner ear diseases, such as delayed endolymphatic
hydrops, endolymphatic sac tumors, extralabyrinthine and
intralabyrinthine schwannomas (8–10). Shinji Naganawa et al.
demonstrated EH in some patients with vestibular schwannomas
and concluded that there was no significant correlation between
vertigo and vestibular hydrops. However, their cases mainly
consisted of extralabyrinthine schwannomas. Anatomically,
intralabyrinthine tumors are more likely to result in EH because
of the possible mechanical blockade of the endolymph fluid
(11). Only a few studies have reported EH in intralabyrinthine
schwannomas (12–14), and the correlation between clinical
symptoms and EH in ILS is still unclear. In addition, the
underlying mechanism of ILS-associated EH remains unknown.

In this study, we retrospectively reviewed the medical records
of nine patients with ILS and aimed to (1) demonstrate the
occurrence of EH in ILSs; (2) reveal the correlation between
clinical symptoms and imaging features of endolymphatic
hydrops; and (3) discuss the diagnostic pitfalls of ILS.

METHODS AND PATIENTS

Patients
The clinical data of nine patients with ILS who were treated at
the Otology & Skull Base Surgery Department, Fudan University,
between 2007 and 2020, were retrospectively reviewed. We
retrieved data on age, symptoms, pure tone test, imaging,
and management.

The diagnosis in six patients with ILS was confirmed by
pathological examination postoperatively, while the other three
patients who chose a wait-and-see strategy were diagnosed based
on imaging. Six patients underwent both enhanced temporal
bone MRI and temporal bone MRI with intratympanic or
intravenous injection of gadolinium to detect EH. Patients
1, 2, and 3 only underwent enhanced temporal bone MRI,
since MRI with intratympanic or intravenous injection of
gadolinium was unavailable at that time in our hospital.
According to the anatomic classification developed by Salzman
et al. (7), ILSs in the present study are divided into six
types, including intracochlear, transmodiolar, intravestibular,
transmacular, vestibulocochlear, and transotic types. The tumor
size was measured at its largest dimension on MRI.

MRI Acquisition
For the intratympanic injection (IT) method, the patients
received bilateral intratympanic injections of gadolinium diluted
in saline (v/v 1:7) using a 22-gauge spinal needle and a 1-ml

syringe. Gadopentetate dimeglumine was chosen in this research
as the gadolinium contrast agent. Following the injections,
the patients maintained an upright seated position for 30min
without speaking or swallowing. After 24 h, MRI scans were
performed using a 3 T MR unit (Verio, Siemens Healthcare,
Erlangen, Germany) with a 32-channel phased-array receive-only
head coil. T2-space, 3D-real IR, and 3D-FLAIR sequence MRI
images were collected. Briefly, the parameters for the 3D-real
IR sequence were as follows: voxel size of 0.4 × 0.4 × 0.8mm,
scan time of 14min, repetition time (TR) of 9,000ms, echo time
(TE) of 181ms, inversion time (TI) of 1,730ms, slice thickness of
0.80mm, field of view (FOV) of 160 × 160mm, and matrix size
of 3,300× 918. The parameters for the 3D-FLAIR sequence were
as follows: voxel size of 0.7 × 0.7 × 0.6mm, scan time of 6min,
TR of 6,000ms, TE of 387ms, TI of 2,100ms, slice thickness of
0.60mm, echo train length of 173, FOV of 220 × 220mm, and
matrix size of 1,701× 810.

For the intravenous (IV) method, the patients received an
intravenous injection of a double dose (0.4 ml/kg body weight)
of Gd-HP-DO3A; 4 h later, MRI was performed. All scans were
performed on a 3 T MRI scanner (Verio; Siemens Healthcare,
Erlangen, Germany) using a 32-channel phased array receive-
only coil. T2-space and 3D real-IR sequence MRI scans were
applied to collect images. The parameters for the 3D real-IR
sequence were as follows: voxel size of 0.17× 0.17× 0.6mm, scan
time of 15min and 20 s, repetition time of 6,000ms, echo time of
181ms, inversion time of 1,850ms, slice thickness of 0.6mm, field
of view of 160× 160mm, and matrix size of 768× 768.

RESULTS

Clinical Characteristics
The clinical characteristics of the study cohort are summarized
in Table 1. The age of patients at presentation ranged from
35 to 69 years old (50.9 years old on average), and the sex
ratio was 2:7 (male to female). Ipsilateral sensorineural hearing
loss was observed in all patients. Seven patients presented with
profound hearing loss, one patient showed moderate progressive
hearing loss, and one patient demonstrated moderate sudden
hearing loss. All patients experienced recurrent vertigo attacks
with various characteristics (Table 2). All patients underwent
caloric test, which showed ipsilateral weakness consistent with
the tumor side.

Magnetic Resonance Imaging of
Intralabyrinthine Schwannomas
Temporal bone MRI with enhancement was performed in nine
patients, which revealed a hypointense filling defect within the
labyrinthine on T2-weighted images, and enhanced T1-weighted
images revealed a homogeneously enhanced mass within the
labyrinthine in these patients (Figure 1). Intraoperative findings
confirmed the final diagnosis (Figure 2).

In the present study,MRI demonstrated a transmacular tumor
in one patient, intravestibular tumors in four patients, and
vestibulocochlear tumors in four patients (Figure 3). The mean
tumor size in our study was 3.8mm (Table 2).
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TABLE 1 | Clinical features of the study population.

Patient Age Duration (years) Tumor side Symptoms Caloric tests

weaker side

Tentative

diagnosis

Final diagnosis

1 44–46 20 R Profound pSNHL, V,T R Sensorineural

hearing loss

ILS

2 35–37 4 L Moderate pSNHL, V, T L MD ILS

3 58–60 10 R Profound pSNHL, V, T R Delayed

endolymphatic

hydrops

ILS

4 34–36 2 R Moderate sudden SNHL, EF, V, T R Idiopathic hearing

loss

ILS

5 68–70 1 R Profound pSNHL, V, T R MD ILS

6 36–38 12 R Profound pSNHL, V, T R MD ILS

7 58–60 30 L Profound pSNHL, V, T L Depression, MD ILS

8 61–63 10 R Profound pSNHL, V, T R ILS ILS

9 55–57 5 R Profound pSNHL, V R ILS ILS

pSNHL, progressive sensorineural hearing loss; V, vertigo; T, tinnitus; EF, ear fullness.

TABLE 2 | Correlation between vertigo attacks and magnetic resonance imaging (MRI) presentation.

Patient Classification

by Salzman

et al.

Tumor size (mm) Endolymphatic hydrops Characteristics of vertigo Duration per attack Follow-up

(months)

1 TMA 5.0 Only enhanced MRI Positional vertigo Seconds to minutes Lost

2 IV 3.0 Only enhanced MRI Recurrent vertigo Several hours 79

3 IV 1.5 Only enhanced MRI Recurrent vertigo 10min to several hours 106

4 IV 4.7 Cochlea (IV) Recurrent vertigo 10min to several hours 31

5 VC 3.4 Cochlea + vestibule (IV) Recurrent vertigo Several hours 7

6 IV 3.8 Cochlea + vestibule (IT) Recurrent vertigo Several hours 71

7 VC 2.5 Cochlea + vestibule (IT) Recurrent vertigo 10min 65

8 VC 4.6 No EH (IV) Recurrent vertigo Several minutes 8

9 VC 5.7 No EH (IV) Drop attack 10min to several hours 22

TMA, transmacular; IV, intravestibular; VC, vestibulocochlear; EH, endolymphatic hydrops; IV, intravenous injection of gadolinium; IT, intratympanic injection of gadolinium.

Endolymphatic Hydrops Concurrent With
Intralabyrinthine Schwannomas
3D real inversion recovery (IR) sequence MRI of the temporal
bone was applied in six patients to demonstrate endolymphatic
hydrops, with the IV method applied in four patients
and the IT method used in two patients. Four patients
showed an intralabyrinthine hypointense mass concurrent
with endolymphatic hydrops. Three patients presented with
endolymphatic hydrops in both the cochlea and vestibule
(Figures 4A,B), and one patient presented with endolymphatic
hydrops in the cochlea (Figure 4C). All four patients with EH on
MRI presented with vertigo similar to Meniere’s disease.

Surgical Outcomes
Five patients (patients 1, 3, 6, 7, and 8) with profound hearing loss
underwent translabyrinthine resection of the tumor. Patient 2
with moderate hearing loss underwent surgery due to intractable
vertigo. Patients 4 and 5 with serviceable hearing and tolerable
vertigo chose conservative management. Intratympanic injection
of low-dose gentamicin was used in patient 9 to relieve vertigo.

No postoperative facial paresis, cerebrospinal fluid leakage, or
other severe complications were encountered, except patient 7
who had delayed facial paresis 1 week after surgery and recovered
completely in 1 month.

Follow-Up
Eight patients were followed up. One patient was lost to follow-
up. The mean follow-up time was 48.6 months (range, 7–106
months). During follow-up, five patients who underwent surgery
reported no vertigo attacks, and two out of these five underwent
MRI surveillance and did not show tumor recurrence (Figure 5).
Two patients who were under observation and the patient who
received ITG did not present with deterioration of hearing loss
or vertigo.

DISCUSSION

Prevalence
ILSs are rare disorders, but they may have been underestimated
before. Van Abel et al. reported that the average delay between
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FIGURE 1 | Axial magnetic resonance imaging of patient 6. (A) T2-weighted magnetic resonance imaging reveals a hypointense mass within the vestibule

(arrowhead). (B) T2-weighted MRI reveals a hypointense mass within the basal turn of the cochlea (arrowhead). (C) Enhanced T1-weighted MRI reveals signal

enhancement of the mass (arrowhead).

symptom onset and diagnosis of ILS was 7.0 ± 8.0 years (15).
Currently, with the application of high-resolution MRI scans
with or without contrast, more ILSs can be diagnosed at an
early stage. It is estimated that the incidence of ILSs exceeds 1
per 100,000 person-years with modern diagnostic imaging (16).
The rising incidence of ILSs in recent years most likely reflects
an improved capacity for disease detection rather than a true
increase in tumor development. According to the meta-analysis
by Gosselin et al., no significant difference was found in the sex

ratio of patients with ILS (17). Although the sex ratio was 2:7
(male to female) in the present study, no female predilection for
this lesion could be drawn because of the limited sample size.

Clinical Characteristics and Misdiagnosis
of Intralabyrinthine Schwannomas
ILS is also known as primary inner ear schwannoma, since
this term differentiates ILS from extralabyrinthine schwannomas
that involve the labyrinthine, thus more precisely describing
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FIGURE 2 | Intraoperative images showing an intralabyrinthine schwannoma in the right vestibule (A, B) and cochlea (C) of patient 5 (asterisk).

this lesion (15). Kennedy et al. proposed a new classification of
ILSs in 2004 (18). On the basis of the Kennedy classification,
Salzman et al. excluded the tympanolabyrinthine class because
there were no observed cases fitting the description, and there
was redundancy with the transotic subtype (7). Furthermore, Van
Abel et al. proposed renaming intralabyrinthine schwannoma as
primary inner ear schwannoma (PIES) to permit clear subsite
categorization and modified the Kennedy classification, which
excludes the transotic subtype and adds the translabyrinthine
subtype (15). We applied the Salzman classification in this study
because no translabyrinthine subtype cases were included. There
is no consensus on the method of tumor size measurement, and
previous studies have recorded the size of ILS based on MRI;
however, a detailed description of the measurement was absent
(2, 19). The sizes of ILSsmeasured in this studymay be biased due
to the natural growth pattern of ILSs. To determine the exact sizes
of ILSs, a prospective study of 3D reconstruction and volumetric
quantification of ILS needs to be performed in the future.

Sensorineural hearing loss is one of the most common
symptoms of ILSs (20). It can occur as sudden or progressive
non-recovering hearing loss. In the present study, moderate
to profound sensorineural hearing loss was present in
all cases, and the severity of hearing loss seemed to be
related to the location of the tumor. Two intravestibular
tumor cases showed moderated hearing loss, while all the
transmacular and vestibulocochlear tumor cases showed
profound hearing loss. Regarding the mechanism of hearing
loss, Santos et al. performed a histopathologic study and
demonstrated that, in addition to mechanical obstruction,
the degeneration of hair cells, spiral ganglion neurons, and
stria vascularis may also underlie the various SNHL in ILSs
(21). Furthermore, hearing loss may also develop as a result
of cochlear aperture obstruction and intralabyrinthine protein
accumulation due to the tumor (22). All of our patients

complained of tinnitus, which is consistent with a previous
study (17).

Recurrent vertigo attacks, which mimic Meniere’s disease, is
another common symptom of ILSs, and combined with hearing
loss and tinnitus, patients with ILS are prone to be misdiagnosed
with MD at the early stage. Unfortunately, we still do not know if
there are any typical differences in symptoms between patients
with MD and patients with ILS, especially at the early stage.
Though a differentiating clinical parameter between these two
entities might be the extent of hearing loss. In ILS, frequently,
total deafness occurs, whereas most MD cases end up with severe
sensorineural hearing loss but not total deafness. A cohort study
over a long period of time or a meta-analysis between the two
groups could be meaningful to reveal the difference.

Correlation Between Magnetic Resonance
Imaging Characteristics and Vertigo in
Patients With Intralabyrinthine
Schwannomas
Jerin et al. reported two cases of ILS presenting with clinical
symptoms that were similar to patients suffering from delayed
endolymphatic hydrops, but no EH was demonstrated on
temporal bone MRI in the two cases. A few studies have reported
recurrent vertigo attacks in patients with ILS, mimicking
Meniere’s disease or delayed endolymphatic hydrops. However,
few studies have shown that EH can be identified in patients with
ILSs (12–14). Homann et al. first reported the coincidence of EH
and intralabyrinthine tumors. However, due to the limited cases
(two cases), it is unavailable to provide more information on the
correlation of EH and the symptoms of ILS.

In the present study, the intralabyrinthine mass coexisting
with EH was identified in four out of six patients using 3D
real IR sequence MRI with injection of gadolinium. All four
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FIGURE 3 | (A) T2-3D-space MRI of patient 1 with a transmacular tumor shows a hypointense mass in the vestibule (arrowhead) and a larger defect in the fundus of

the internal auditory canal (arrow). (B) T2-3D-space MRI of patient 4 with an intravestibular tumor shows an isolated mass in the right vestibule (arrowhead). (C)

Patient 7 with a vestibulocochlear tumor shows filling defects in both the vestibule (arrowhead) and cochlea (arrow) on T2-weighted MRI.
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FIGURE 4 | Magnetic resonance image of endolymphatic hydrops. (A) 3D real IR MRI of patient 6 shows endolymphatic hydrops in the vestibule (arrowhead)

concurrent with an intravestibular tumor (asterisk). (B) 3D-real IR MR image of patient 6 with an intravestibular tumor (asterisk), presenting with endolymphatic hydrops

in the cochlea (arrowhead). (C) 3D-real IR MRI of patient 4 with intravestibular tumor (asterisk) showing endolymphatic hydrops in the basal turn of the cochlea.

patients with EH on MRI presented with vertigo similar to
Meniere’s disease, so we assumed that EH is one typical imaging
characteristic of ILSs, even in the early stage. It is hard to
say whether EH or the intralabyrinthine mass is the first thing
that can be detected on the MRI. Regarding the mechanism
of EH in ILS, we speculated that the tumor may block the
longitudinal flow of the endolymph, prevent the flow of the
endolymph to the endolymphatic sac, or cause inflammation of
the endolymph (23, 24).

In patient 1 with positional vertigo, temporal bone MRI
with intratympanic injection of gadolinium revealed that the
tumor was located in the vestibular cavity and the fundus of
the internal acoustic meatus, and no EH was detected, which
is consistent with the presentation. Slattery et al. reported
a high proportion of patients displaying positional vertigo
and assumed that it may be attributed to the direct effect
of the tumor exerted on the cochlear and vestibular end
organs (19).

In addition, the severity of hearing loss in the hydropic ears
seems to be related to the site of hydrops, as hearing loss in
patients with mild endolymphatic hydrops was moderate and
profound in patients with both vestibular and cochlear hydrops.

Further studies are needed to confirm the association between the
symptoms and synchronous EH in ILSs.

Inner ear tumors are easily missed due to their occult location
and small size, especially on conventional MRI. From our
experience, it is not difficult to identify tumors and EH in
the labyrinth of patients with ILS after careful review of high-
resolution MRI using the IT or IV method. According to a
previous study, there is no difference in the detection rate of EH
by the IT or IV method (25). The strength of the IT method
is the better contrast and resolution of the obtained pictures,
but it is more invasive and could be affected by the external or
middle ear condition. However, the IV method is less invasive
and allows simultaneous monitoring of both ears (26). Thus, the
IV method is now preferred in our hospital. High-resolution T2
MRI sequences are also recommended during follow-up but are
sometimes refused by patients in whom vertigo does not recur.

Management
Since vertigo is considered a risk factor for the growth of
vestibular schwannomas (27), for patients with intractable
vertigo or unserviceable hearing, resection of the tumor via the
labyrinth or intratympanic injection of gentamicin is preferred
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FIGURE 5 | Axial magnetic resonance imaging of patient 4 before and after surgery. (A) T2-3D-space MRI reveals a hypointense filling defect within the left vestibule

(arrow). (B) Enhanced T1-weighted MRI demonstrates a mass (arrow) within the vestibular cavity before surgery. (C) Enhanced T1-weighted MRI reveals no enhanced

mass within the vestibule (arrowhead) of the tumor at 6 months postoperatively.

(28). For patients with serviceable hearing or tolerable symptoms,
a wait-and-see strategy is recommended. In recent years,
endoscopic ear surgery has been widely used for its advantages,
such as shortening the operation time, reducing the need for
mastoidectomy, and reducing postoperative complications (29,

30). Studies have reported that endoscopic ear surgery can also be
applied in treating ILS. Pan et al. reported the first documented
case of endoscope-assisted resection of an intravestibular
schwannoma and demonstrated that an endoscopic approach for
tumor resection in the vestibule offered improved visualization
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of the vestibule compared to that in an operating microscope
(31). Marchioni et al. reported a series of six cases affected
by ILSs of the intracochlear type who underwent surgery
with an endoscopic transcanal transpromontorial approach and
demonstrated that the endoscopic approach should be preferred
to other more invasive surgical techniques in patients with
intracochlear ILSs (32). Ma et al. reported partial cochlectomy
via a transcanal endoscopic approach, and simultaneous
cochlear implantation was performed in an intracochlear
schwannoma case, which resulted in good audiologic outcomes
(33). Taken together, in addition to cholesteatoma removal
and tympanoplasty, endoscopic ear surgery is also suitable
for patients with ILS, owing to its direct access to hidden
recesses, such as vestibules, small incisions, and lower risk of
postoperative complications.

The limitation of this study is that the number of cases is
small; thus, statistical analysis between symptoms and imaging
presentations cannot be performed.

CONCLUSION

EH concurrent with ILSs has been historically underestimated.
With the extensive application of clinical MRI paradigms, such as
3D real IR sequence MRI, more potential cases of EH presenting

in patients with ILS will be identified. The severity of hearing loss
may be related to the location of the tumor and the degree of EH.
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