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Vertigo andhearing loss are common
symptoms. The underlying cause can
be varied and it poses a diagnostic
challenge. A frequent cause of
unilateral hearing loss and vertigo
are vestibular schwannomas, which
in some cases are located within the
cochlea and/or the vestibule and
are then termed “intralabyrinthine
schwannomas.” In this article,
we describe the clinical history
and audiovestibular findings of
five patients with intralabyrinthine
schwannoma and of five patients
with delayed endolymphatic hydrops
for comparison.

Background

Vestibular schwannomas (VS) are benign
tumors that predominantly arise from
the myelin-forming Schwann cells of the
vestibulocochlear nerve. The incidence
ofVS is approximately 1/100,000 per year
[1, 15]. VS usually manifest with unilat-
eral hearing loss, tinnitus, balance disor-
ders, or vertigo. VSmost commonly arise
from the internal auditory canal. More
rarely, VS are located within the cochlea
and/or – less frequently – the vestibule
and are then termed “intralabyrinthine
schwannomas” [14, 23]. Patients with

The German version of this article can be found
underDOI10.1007/s00106-016-0198-7.

intralabyrinthine schwannomas almost
always present with slowly progressive
hearing loss, which occasionally may de-
teriorate acutely. They can additionally
suffer fromvertigo, particularlywhen the
tumorinvolves thevestibularsystem[22].

Delayed endolymphatic hydrops
(DEH) is characterized by endolym-
phatic hydrops emerging in patients
suffering from longstanding hearing loss
[18]. The cause of the hearing loss is
varied. The most common causes are
juvenile unilateral sensorineural hear-
ing loss of undetermined etiology and
viral labyrinthitis. More rarely, the
hearing loss is caused by head trauma,
acoustic trauma, bacterial labyrinthi-
tis, or meningitis [8, 11, 24]. DEH
mostly occurs in the ipsilateral ear and
causes recurrent vertigo similar to the
symptoms in Menière’s disease. Less
frequently, DEH occurs contralaterally
and induces fluctuating hearing loss that
can be accompanied by tinnitus and
episodic vertigo [8]. The pathogenesis
of DEH is not fully known. As for ip-
silateral DEH, the hypothesis that inner
ear damage results in slowly progressive,
“delayed” atrophy or fibrous obliteration
of inner ear structures with consecutive
impaired resorption of the endolymph
is widely accepted [17]. With regard
to contralateral DEH, the same etiol-
ogy that initially triggered monaural
hearing loss may simultaneously induce

a subclinical lesion in the contralateral
inner ear, which eventually causes the
development of endolymphatic hydrops
over the years [8, 19].

Since thediagnosis ofDEH isbasedon
the clinical history, it can represent a di-
agnostic challenge when a patient does
not display all typical features of DEH
– rotational vertigo attacks with long-
standing hearing loss. Furthermore, the
symptoms of DEH are similar to those
of intralabyrinthine schwannomas. Vi-
sualization of endolymphatic hydrops in
vivo by contrast-enhanced magnetic res-
onance imaging (MRI) of the inner ear
has become feasible only recently [13,
26]. Likewise, intralabyrinthine schwan-
nomas can easily be overlooked despite
recent progress inMRI technology, since
radiographic findings may be very sub-
tle [10, 16]. Both entities are there-
fore challenging with regard to establish-
ing the diagnosis. In this study, we de-
scribefivepatientswith intralabyrinthine
schwannoma and compare their clinical
history and the results of audiovestibular
function tests with those of five patients
suffering from imaging-confirmed DEH.

Methods

This retrospective study was conducted
at a universitaryotorhinolaryngologyde-
partment. All patients diagnosed with
intralabyrinthine schwannomas by MRI
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Fig. 18 Intralabyrinthine schwannoma of patient no. 5.The schwannoma is restricted to the
basal cochlear turn (long arrow). The short arrow points to the jugular bulb.A contrast-enhanced
T1-weighted sequence is shown

Fig. 29 a Locally
enhanced inner ear
magnetic resonance
imaging (LEIM) of
patient no. 10
with evidence of
endolymphatic
hydrops in both
the cochlear (short
arrows) andvestibu-
lar (long arrow)
compartments.
The endolymphatic
space is visible as a
hypointense (dark)
area bulging into
the contrast-en-
hanced (bright)
perilymphatic
space. b LEIMwith-
out evidence of
endolymphatic hy-
drops for compari-
son. (From [6], used
with permission
fromWolters Kluwer
Health, Inc.)

between 2012 and 2013 were included
(n = 5) in the study. An example of an in-
tralabyrinthine schwannoma is shown in
. Fig. 1. Furthermore, five patients with
the diagnosis of delayed endolymphatic
hydrops were enrolled in this study for
comparison. In the latter group, the pres-

ence of endolymphatic hydrops and thus
the diagnosis of DEH were proven by lo-
cally enhanced inner earMRI (LEIM), as
previously described [6]. An example of
an LEIM image showing endolymphatic
hydrops is shown in . Fig. 2. For all pa-
tients, clinical features and audiovestibu-

lar function tests as assessed by pure-
tone audiometry, caloric irrigation, and
vestibular evoked myogenic potentials
(VEMPs) at the time of diagnosis were
evaluated.

Results

Clinical characteristics of the study co-
hort are summarized in . Table 1.

Intralabyrinthine schwannoma

All patients with the final diagnosis of an
intralabyrinthine schwannoma initially
presented with hearing loss. Two pa-
tients complained of gradually progres-
sive hearing loss, which progressed to
deafness within a few years in one pa-
tient (no. 4). Two patients complained
of sudden sensorineural hearing loss as
a singular occurrence, with the hearing
loss slowly progressing to deafness in one
patient (no. 1) and with deafness being
present since the sudden hearing loss in
anotherpatient (no. 2). Onepatient com-
plained of fluctuating hearing loss. Sev-
eralmonths toyearsafter thebeginningof
hearing loss, recurrent vertigo attacks oc-
curred in two patients. In all patients, the
diagnosisofanintralabyrinthineschwan-
noma was established several years after
the onset of symptoms. The schwan-
noma was localized within the cochlea
in all five patients. In two patients, it was
limited to the cochlea, in two it spread
out into the vestibule, and inone it spread
out into the internal auditory canal. The
diagnostic delay ranged between 2 and
15 years (mean = 9 years). At the time
of diagnosis, four patients had already
lost serviceable hearing. Caloric irriga-
tion and VEMPs, however, each yielded
normal results in two patients.

Delayed endolymphatic hydrops

Likewise, all patients with the final di-
agnosis of DEH primarily complained of
hearing loss. Inonepatient (no. 6), slowly
progressive hearing loss arose from pro-
fessional noise exposure. In two patients
(no. 7 and 9), slowly progressive hearing
loss of unknown origin emerged at an
early age. In one patient (no. 8), a rela-
tively rapidly progressive hearing loss of
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unknown origin occurred in middle age.
Onepatient(no.10)reportedsuddensen-
sorineural hearing loss with subsequent
widely steady hearing over the years. In
the course of several years, recurrent ver-
tigo attacks occurred in all patients. The
time period between the onset of hearing
loss and the beginning of vertigo attacks
ranged between 4 and 27 years, while the
time period between the onset of vertigo
attacks and the final diagnosis of DEH
ranged between 3 months and 5 years.
Endolymphatic hydropswas found in the
cochlea as well as in the vestibule in all
patients. The mean degree of hearing
loss at the time of diagnosis amounted
to 72 dB. Caloric irrigation and VEMPs
were normal in three and two patients,
respectively.

Discussion

Symptoms

This case series shows that the history of
a patient with intralabyrinthine schwan-
noma and the one of a patient with
DEH may be similar. In this regard,
our results are consistent with previous
reports that described the symptoms of
intralabyrinthine schwannomas to re-
semble other inner ear disorders such as
Menière’s disease [2, 7, 9, 22]. Regardless
of the final diagnosis, the initial symp-
tom in all patients of our study cohort
was hearing loss. Gradually progressive
hearing loss and sudden sensorineu-
ral hearing loss as a singular incident
without subsequent hearing recovery
occurred in both groups, while only one
patient with intralabyrinthine schwan-
noma presented with fluctuating hearing
loss, even though a fluctuating form of
hearing loss is thought to be rather
indicative of endolymphatic hydrops
[12]. The pattern of the hearing dis-
order could therefore not differentiate
between intralabyrinthine schwannoma
and DEH. The degree of hearing loss,
however, differed between groups and
wasmorepronounced inpatientswith in-
tralabyrinthine schwannoma. In four of
five patients, hearing loss had progressed
to complete deafness.

Vertigo attacks mostly occurred sev-
eral years after the onset of hearing loss.

Abstract · Zusammenfassung

HNO 2017 · 65 (Suppl 1):S41–S45 DOI 10.1007/s00106-016-0199-6
© Springer-Verlag Berlin Heidelberg 2016

C. Jerin · E. Krause · B. Ertl-Wagner · R. Gürkov

Clinical features of delayed endolymphatic hydrops and
intralabyrinthine schwannoma. An imaging-confirmed
comparative case series. English version

Abstract
Background. The aim of this study was to
compare the clinical history and audio-
vestibular function test results of patients
suffering from intralabyrinthine schwannoma
or delayed endolymphatic hydrops (DEH).
Patients and methods. Five patients dia-
gnosed with intralabyrinthine schwannoma
by magnetic resonance imaging (MRI)
and five patients diagnosed with DEH by
locally enhanced inner ear MRI (LEIM) were
retrospectively studied.
Results. All patients with intralabyrinthine
schwannoma or DEH initially presented with
hearing loss. Vertigo occurred in two patients
with intralabyrinthine schwannoma and in
all patients with DEH. While audiometry
achieved poorer results for patients with
intralabyrinthine schwannomas, vestibular

function tests revealed normal results in
about half of the patients in both groups.
Conclusion. Patients with intralabyrinthine
schwannomas may present with clinical
symptoms similar to patients suffering from
other inner ear disorders such as delayed
endolymphatic hydrops and they may obtain
similar findings in audiovestibular function
tests. High-resolution magnetic resonance
imaging with locally applied contrast agent
may provide evidence of both underlying
pathologies.

Keywords
Vestibular schwannoma · Sensorineural
hearing loss · Labyrinth · Vertigo · Tinni-
tus · Delayed endolymphatic hydrops ·
Intralabyrinthine schwannoma

Klinische Eigenschaften von „delayed endolymphatic hydrops“
und intralabyrinthärem Schwannom. Eine bildgebungsbasierte
komparative Fallserie. Englische Version

Zusammenfassung
Hintergrund. Ziel der Studie war es, die
Krankengeschichte und die Befunde in
audiovestibulären Funktionsuntersuchungen
bei Patienten mit intralabyrinthärem
Schwannom oder „delayed endolymphatic
hydrops“ (DEH) zu vergleichen.
Patienten und Methoden. Retrospektiv
wurden die Daten von 5 Patientenmit durch
MR-Bildgebung diagnostiziertem intralaby-
rinthärem Schwannom und von 5 Patienten
mit durch lokal kontrastverstärkter MR-
Bildgebung des Innenohrs (LEIM) bestätigtem
DEH analysiert.
Ergebnisse. Alle Patientenmit intralabyrin-
thärem Schwannom oder DEH stellten sich
anfangs mit Hörminderung vor. Schwindel
trat bei 2 Patientenmit intralabyrinthärem
Schwannom und allen Patientenmit DEH
auf. Während die Audiometrie schlechtere
Ergebnisse für Patientenmit intralabyrinthä-

rem Schwannom ergab, zeigten vestibuläre
Funktionsuntersuchungen Normalbefunde in
etwader Hälfte der Patientenbeider Gruppen.
Schlussfolgerung. Patienten mit intrala-
byrinthärem Schwannom können sich mit
ähnlichen Symptomen präsentieren wie Pa-
tientenmit anderen Innenohrerkrankungen
wie DEH und können ähnliche Befunde in
audiovestibulären Funktionsuntersuchungen
haben. Hochauflösende MR-Bildgebung
mit lokal appliziertem Kontrastmittel kann
den Nachweis für beide zugrundeliegenden
Pathologien erbringen.

Schlüsselwörter
Vestibularisschwannom· Sensorineuraler Hör-
verlust · Labyrinth · Vertigo · Tinnitus · Delayed
endolymphatic hydrops · Intralabyrinthäres
Schwannom

Thiswas the case in all patientswithDEH
andintwopatientswith intralabyrinthine
schwannoma. However, the percentage
of patients suffering from vertigo in these
groups cannot be easily compared. In
DEH, vertigo is a diagnostic criterion, so

thatapatient lackingvertigowouldnotbe
diagnosed with endolymphatic hydrops
[8, 18]. In intralabyrinthine schwan-
noma, bycontrast, vertigoisnotamanda-
tory symptom. In the further course of
disease, however, vertigo might occur in
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Table 1 Clinical features of the study population

No Age Sex Initial symptom Further symp-
toms

Final diagnosis Diagnostic delay PTA
(dB)

Caloric
irrigation

cVEMP

1 49 F Sudden sen-
sorineural hear-
ing loss

Progressive
hearing loss
up to deafness,
recurrent rota-
tional vertigo

ILS (intravestibulocochlear) 12 years Deaf Impaired Normal

2 62 M Sudden sen-
sorineural hear-
ing loss

Recurrent
vertigo attacks

ILS (intravestibulocochlear) 15 years Deaf Impaired Impaired

3 41 M Gradually pro-
gressive hearing
loss

– ILS (intracochlear) 2 years 83 Normal Normal

4 27 M Gradually pro-
gressive hearing
loss

Progressive
hearing loss up
to deafness

ILS (intracochlear extending
into the IAC)

Several years Deaf Impaired Impaired

5 55 F Fluctuating
hearing loss

Progressive
hearing loss up
to deafness

ILS (intracochlear) 8 years Deaf Normal Impaired

6 72 M Gradually pro-
gressive hearing
loss

Recurrent
rotational
vertigo

DEH (cELH: severe, vELH:
severe)

10 years/3 years 80 Normal Impaired

7 50 M Gradually pro-
gressive hearing
loss

Recurrent
vertigo attacks

DEH (cELH: marked, vELH:
severe)

30 years/5 years 75 Slightly
impaired

Normal

8 59 M Gradually pro-
gressive hearing
loss

Recurrent
vertigo attacks

DEH (cELH: severe, vELH:
severe)

5 years/8 months 88 Normal Slightly
impaired

9 57 F Gradually pro-
gressive hearing
loss

Recurrent
rotational
vertigo

DEH (cELH: severe, vELH:
severe)

20 years/2 years 50 Normal Impaired

10 78 F Sudden sen-
sorineural hear-
ing loss

Recurrent
vertigo attacks

DEH (cELH: mild, vELH: se-
vere)

27 years/3 months 65 Impaired Normal

Diagnostic delay in patients with DEH indicates the time period between diagnosis and the onset of hearing loss and vertigo attacks, respectively.
ILS intralabyrinthine schwannoma, IAC Internal auditory canal, DEH delayed endolymphatic hydrops, cELH/vELH cochlear/vestibular endolymphatic
hydrops, PTA pure-tone audiometry 0.5–3 kHz, cVEMP cervical vestibular evoked myogenic potential

patientswhohavenotpreviously suffered
from vertigo.

Diagnostic methods

Audiovestibular function tests did not
differentiate between intralabyrinthine
schwannoma andDEH.While pure-tone
audiometry achieved poorer results for
patients with intralabyrinthine schwan-
nomas, vestibular function as assessed
by caloric irrigation and VEMPs was
normal in about half of the patients in
both groups andwas affected in the other
half. All patientswithDEHdisplayed en-
dolymphatic hydrops both in the cochlea
and in the vestibule, with vestibular hy-
drops overall being more pronounced.
There was neither an association be-

tween the extent of vestibular hydrops
and vestibular function nor between the
extent of cochlear hydrops and hear-
ing loss. Previous studies using inner
ear MRI to investigate the association
between the extent of endolymphatic
hydrops and audiovestibular function
revealed a significant correlation be-
tween the degree of hydrops and hearing
loss as well as between the degree of
hydrops and disease duration [3, 5, 6,
20, 25]. Intralabyrinthine schwannomas
were located in the cochlea in all patients
and all patients suffered from deafness
or (in one case) from profound hearing
loss. The caloric irrigation interestingly
yielded normal results in those patients
whose schwannoma was limited to the
cochlea.

Diagnostic delay

In our study cohort, the diagnostic de-
lay for patients with intralabyrinthine
schwannoma was up to 15 years. In all
patients, several years passed by until the
correctdiagnosiswas set. Aconfirmation
of the diagnosis by histological exami-
nation, however, was not performed; the
diagnosiswas based on theMRIfindings.
Since radiographic findings in MRI may
be very subtle, intralabyrinthine schwan-
nomas can easily be overlooked, so that
they are frequently diagnosed only years
after the onset of symptoms [10, 16, 21].
Interestingly, patient no. 5 of our study
cohorthadalreadyundergoneMRItwice,
3 and 5 years before the final diagnosis.
BothMRI studies had been reported nor-
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mal, although the presence of a vestibular
schwannoma had been taken into con-
sideration with regard to the clinical his-
tory. Only on the third MRI was the
intralabyrinthine schwannoma reported.
Retrospective evaluation of the previous
MRI scans, however, revealed that it was
present years before and that it could
havebeendetectedonbothpreviousMRI
studies.

Occurrence

One should therefore bear in mind that
an intralabyrinthine schwannoma may
be a differential diagnosis of sudden or
slowly progressive hearing loss. In fact,
intralabyrinthine schwannomas might
occur more frequently than indicated in
the literature [4, 7, 16, 21]. Approxi-
mately 80 patients presented with VS in
our otorhinolaryngology department be-
tween 2012 and 2013. Among these were
five cases of intralabyrinthine schwan-
nomas. Intralabyrinthine schwannomas
therewith accounted for 6% of all VS
so that the incidence was unexpectedly
high. As limitation, however, we must
state that in consideration of the low
number of subjects, conclusions must
be drawn with caution and a precise
incidence cannot be given.

In summary, patients with intral-
abyrinthine schwannomas may present
with clinical symptoms similar to pa-
tients suffering from other inner ear
disorders, like delayed endolymphatic
hydrops, and may also have similar find-
ings in audiovestibular function tests.
With the differential diagnosis of intral-
abyrinthine schwannoma in mind, high-
resolution MRI should be conducted for
all unclear cases of sudden or progressive
asymmetric hearing loss. Furthermore,
locally enhanced MRI for the detection
of endolymphatic hydrops should be
considered.

Conclusion

4 Intralabyrinthine schwannomas have
a relatively long diagnostic delay.

4 The differential diagnosis of intral-
abyrinthine schwannoma should
be kept in mind when evaluating

patients with audiovestibular symp-
toms.

4 A similar clinical course and similar
audiovestibular function test re-
sults may be found in patients with
delayed endolymphatic hydrops.

4 High-resolution MRI of the inner
ear can help establish a definite
diagnosis in both cases.
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