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Abstract The objective of this review is to compare the
symptomatological evolution following conservative man-
agement (CM) or microsurgery (MS) in patients with in-
tralabyrinthine schwannomas (ILS). A thorough systematic
review of the English and French literature from 1948 to
February 2014 was performed using Ovid Medline. An
ancestor search was also completed. The major inclusion
criterion consisted of a diagnosis of ILS with magnetic
resonance imaging. Patients with a classic vestibular
schwannoma, cases of incidentaloma during surgery or an
autopsy were the main exclusion criteria. Thirty-one
studies met our selective criteria. Descriptive data were
collected from the articles. Clinical outcomes regarding the
hearing loss, tinnitus, vertigo, dizziness and aural fullness
were stated as improved, unchanged or worse at the last
follow-up. All data were then separated into two different
groups according to the management option: CM and MS.
The data were analyzed using a Pearson y* test and Fisher’s
exact test. This meta-analysis suggests that MS has a sta-
tistically significant favorable outcome regarding symptom
relief compared to CM in patients with ILS suffering from
tinnitus, vertigo and dizziness. Hearing level was not
compared between treatment groups, as MS leads to ana-
cusis. An indicative bias was the main limitation of this
study, as patients suffering from intractable vertigo with
moderate-to-severe hearing loss were referred to MS.
Therefore, in the presence of a serviceable hearing, we
suggest that CM should be the treatment of choice.
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Introduction

Intralabyrinthine schwannomas (ILS) are rare benign tumors
originating from the Schwann cells of the cochlear and
vestibular nerve terminal ends [1]. They represent a different
entity from the vestibular schwannoma (VS), in which the
tumor arises from the vestibular nerve in the medial internal
auditory canal (IAC) or at the lateral cerebellopontine angle
(CPA) [2]. ILSs are further subdivided according to their
location within the inner ear. In 2004, Kennedy et al. pro-
posed a classification system of seven subtypes, reviewed in
2013 by Van Abel et al. who added three more subtypes, in
order to adopt a more explicit nomenclature regarding the
anatomical location of the tumor (Table 1) [3, 4]. Moreover,
Van Abel et al. have suggested renaming ILS to primary
inner ear schwannomas (PIES).

Controversy remains over the origin of these tumors.
Namely, the nomenclature PIES implies a vestibular or
cochlear origin, differentiating them from VS with or
without inner ear invasion [5-9]. With this perspective, it is
reasonable to expect that some VS can be wrongly labeled
as PIES.

In order to facilitate the understanding, ILS will be used
for all schwannomas and isolated ILS will be used when
the tumor is restricted to the labyrinth such as intracochlear
(IC), intravestibular (IV) and intravestibulocochlear (IVC)
schwannomas.

IC schwannoma seems to be the most common subtype
of ILS [4, 9]. However, there is an inconsistency concerning
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Table 1 The modified Schwannoma subtypes

Locations

Kennedy Classification System
(4] Intravestibular (IV)
Intracochlear (IC)
Intravestibulocochlear (IVC)
Transmodiolar (TMOD)
Transmacular (TMAC)
Transotic (TO)
Tympanolabyrinthine (TML)
Translabyrinthine (Tlab)
Involving CPA (+CPA)

Not otherwise specified (NOS)

SCC semicircular canals, IAC
internal auditory canal, CPA

Vestibule and/or SCC

Cochlea

Vestibule and/or SCC + cochlea

Cochlea + IAC

Vestibule and/or SCC + IAC

Vestibule and/or SCC + cochlea + IAC + middle ear
Vestibule and/or SCC + cochlea + middle ear

Vestibule and/or SCC + cochlea + IAC

CPA = cochlea £ vestibule and/or SCC + IAC =+ middle ear
=+ cochlea + vestibule and/or SCC

cerebellopontine angle

this information [4, 10-13]. SCCs are less frequently in-
volved [14]. Surprisingly, clinical manifestations do not
significantly vary with the tumor location [9, 15].

ILS are challenging to diagnose because they induce
unspecific symptoms, such as hearing loss, tinnitus, dizzi-
ness, vertigo and aural fullness. Before 1990, ILS were
incidentally found during otologic surgeries for what was
believed to be Meniere’s disease or during autopsies [16].
Since the advent of MRI, an increased number of ILS are
diagnosed during the investigation of unilateral hearing
loss or vertigo. To date, a little over 340 cases of ILS have
been reported [4, 9]. High-resolution MRI with gadolinium
enhancement is the gold standard for ILS diagnosis and
manages to identify tumors as small as 2 mm [17]. How-
ever, a high index of suspicion for ILS is still needed as
some cases remain undiagnosed during the screening of the
CPA or IAC [7-9, 18].

Since ILS have a low incidence, no guidelines about the
management options are yet available. Multiple case-re-
ports or small case-series have suggested interesting av-
enues such as conservative management (CM),
microsurgery (MS), stereotactic radiotherapy, chemical
labyrinthectomy and intratympanic steroid treatment [19,
20]. Also, two different algorithm approaches have been
proposed, depending on the IAC involvement [5].

Conservative management, or watch-and-scan, is a good
option for patients complaining of serviceable hearing loss
without other disabling symptoms, as MS would likely lead
to anacusis. Also, even if the tumor size progresses over
time, it does not inevitably lead to symptom aggravation
[21].

Indications for MS have included diminished residual
hearing with or without incapacitating tinnitus, intractable
vertigo, or involvement of the IAC, CPA or middle ear. In
1972, both Karlan and Wanamaker accomplished the two
first IC schwannoma excisions, reported in two indepen-
dent articles [22, 23].

Stereotactic radiotherapy is less indicated for ILS, as
MS for ILS has less complications than MS for VS [19].
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Chemical labyrinthectomy has been used in rare cases
when patients were suffering from vestibular symptoms
without auditory complaints. As stated by Van Abel et al.
[4] in 2013, this strategy may reduce symptoms, but it does
not prevent tumor growth.

Finally, Schutt and Kveton [24] have suggested a
cochlear implantation after an ILS resection, which can
lead to symptom relief associated with a significant hearing
improvement.

Overall, ILS management remains controversial [19, 25]
as this slow-growing tumor continues to cause vestibulo-
cochlear symptoms. Nevertheless, CM and MS remain the
two most common treatment options. Thus, the aim of this
study is to conduct a meta-analysis to compare the symp-
tomatological evolution following a CM or MS in patients
with ILS.

Methods
Data sources and search strategy

A thorough systematic review of the English and French
literature from 1948 to February 2014 was performed
using Ovid Medline. The following keywords alone and in
various combinations were used: intralabyrinthine
schwannomas, intracochlear schwannomas, intravestibu-
lar schwannomas, inner ear tumor, hearing loss, vertigo,
dizziness, tinnitus, aural fullness, magnetic resonance
imaging, conservative management, wait and see, follow-
up and surgery. An ancestor search was also completed.
An outline of the study selection process is depicted in
Fig. 1.

Data collection
When available, data extraction included: total number of

patients, patient characteristics (sex, age at diagnosis), tu-
mor characteristics (tumor location according to the
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Fig. 1 Overview of the study
selection. CM conservative
management, CI cochlear
implant, /LS intralabyrinthine
schwannomas, MRI magnetic
resonance imaging, MS
microsurgery, VS vestibular
schwannoma

1170 articles

*  Duplicate
*  Not pertinent

* Inaccessible article

CM
n =44

Ovid Medline and Ancestor Search

1261 articles

91 articles

Inclusion Criteria

1. Studies in English and French literature
2. Diagnosis of ILS with MRI
CM or MS as management options

Exclusion Criteria
Patients with neurofibromatosis type 2
Patients with a classic VS
Patients with a progression of known VS into the inner ear
Cases of incidentoloma during surgery or on autopsy
Tumors without schwannomas’ pathologic markers
Patient without following-up data
Patients who benefited from CI after tumor resection

[

Nk L=

A\
31 articles
n =66

Data collection

MS
n =22

Table 2 Equivalence of hearing scales according to Gardner-Robertson grade, American Academy of Otolaryngology-Head and Neck Surgery,

pure-tone average, speech discrimination score, and their description

G-R grade AAO-HNS PTA (dB) SDS (%) Description

I A 0-30 70-100 Excellent, good
11 B-C 31-50 50-69 Good, serviceable
I D 51-90 5-49 Non-serviceable
v D 91-100 1-4 Poor

\% D Not testable 0 None

Modified Kennedy Classification System [4], tumor sub-
site, tumor size), hearing level at initial presentation and if
tinnitus, vertigo, dizziness and aural fullness were present,
management option, post-operative complications, duration
of follow-up and clinical outcomes. Clinical outcomes
were stated as improved, unchanged or worse for each of
the five symptoms (hearing level, tinnitus, vertigo, dizzi-
ness and aural fullness). Since hearing level was not uni-
formly reported by all the authors, the same equivalence
hearing scale previously used by our group was used to
describe patient hearing level (Table 2) [26, 27]. When
needed, authors of the selected studies were contacted to
complete the missing data. All data were then separated
into two different groups according to the treatment choice:
CM and MS. Three different subgroups were also formed
to allow further analysis: isolated ILS, schwannomas
exceeding the labyrinth/SCCs and CM patients having
undergone MS.

Statistical analysis

All data were tabulated using Microsoft Excel. Continuous
variables were described with mean, median and range.
Nominal features were summarized with frequency and
percentage. Association between management type and
clinical outcomes was evaluated with Pearson > test and
Fisher’s exact test. Statistical analyses were run using
SPSS 21.0 (IBM Co., Armonk, NY). Statistical significance
was considered at a p value <0.05.

Results

Thirty-one articles met the selective criteria and were in-
cluded in this meta-analysis, yielding 66 patients [1, 4, 5,
10, 14, 15, 17-21, 28-47] (Table 3). Descriptive data of
both groups are shown in Table 4. Initial symptomatology
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Table 3 List of selected

Number of cases = Management type = Mean follow-up (months)

Studies  References
articles
1 Donnelly et al. [28]
2 Ozluoglu et al. [29]
3 Saeed et al. [30]
4 Weed et al. [31]
5 Gersdorff et al. [32]
6 Boutin et al. [33]
7 Deux et al. [34]
8 Roland et al. [35]
9 Green et al. [18]
10 Hegarty et al. [17]
11 Montague et al. [36]
12 Khurana et al. [37]
13 Neff et al. [19]
14 Jackson et al. [38]
15 Machner et al. [39]
16 Maseda et al. [10]
17 Jia et al. [15]
18 Shin et al. [40]
19 Nishimura et al. [41]
20 Shin et al. [42]
21 Iseri et al. [20]
22 Magliulo et al. [43]
23 Jiang et al. [21]
24 Gordts et al. [14]
25 Yoshida et al. [44]
26 Zhu et al. [1]
27 Choi et al. [45]
28 Kim et al. [46]
29 Carlson et al. [47]
30 Van Abel et al. [4]
CM conservative management, 31 Bouchetemblé et al. [5]

1 1 MS 6

1 1 MS 1

1 1 MS Missing data
1 1 MS 4

1 1 MS Missing data
1 1 CM 16

3 2 CM; 1 MS 22

1 1 CM 5

2 1 CM; 1 MS 24

1 1 CM 24

1 1 CM 36

1 1 MS 3

7 5 CM; 2 MS 19.43
1 1 MS 93

1 1 CM 36

1 1 CM 6

4 4 MS 1.7

1 1 MS Missing data
1 1 CM 26

1 1 MS 36

1 1 CM 15

1 1 CM 24
10 10 CM 35.8

1 1 CM 16

1 1 MS 5 days
1 1 CM 24

1 4 CM 135

1 1 CM 40

1 1 CM 6
12 9 CM; 3 MS 80.75
4 3CM; 1 MS 36

MS microsurgery

occurrence is shown in Fig. 2a, b. Tinnitus was associated
to IC schwannoma in CM group and to IV schwannoma in
MS group (48.4 and 31.3 %, respectively). Vertigo was
most often associated to IV schwannoma in both groups
(77.8 and 40 % in CM and MS groups, respectively). Fi-
nally, dizziness was equally associated to IC and IV
schwannomas (42.9 and 33.3 % in CM and MS groups,
respectively). The correlation between treatment options
and patients’ age at diagnosis is shown in Fig. 3.

ILS: symptom outcomes

Sixty-six patients were included in these analyses. There
was a statistically significant difference in tinnitus out-
come, with an improvement in 50.0 % of cases in the MS
group compared to none in the CM group (p < 0.001)
(Fig. 4a). Tinnitus was unchanged and worse in 87.1 and
12.9 % of CM cases, respectively, and was unchanged and
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worse in 42.9 and 7.14 % of MS cases, respectively. The
outcome of vertigo was also statistically significantly better
in MS patients, showing improvement in 100 % of cases,
compared to 22.2 % in the CM cases (p < 0.001) (Fig. 4a).
Vertigo was unchanged in 66.7 % and worse in 11.1 % of
patients in the CM group. Concerning dizziness, all MS
patients showed an improvement, compared to none in the
CM group (p = 0.001) (Fig. 4a). Stable dizziness at the
last follow-up was found in all CM cases.

Hearing outcomes were not compared between the two
groups, as MS leaves no residual hearing. Hearing status
outcomes in the CM group were the following: 1 (2.3 %)
patient reported an improvement with a follow-up of
15 months, 31 (70.5 %) had stable hearing levels with a
mean follow-up of 31.67 months and 12 (27.3 %) noted a
hearing loss progression with a mean follow-up of
24.08 months. The improvement was reported in a patient
who received an intratympanic steroid treatment.
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Table 4 Descriptive data A Initial hearing status
100 952
Data CM group MS group % |
Number of patients 44 22 ig
Age (years) g 60 55,3
Mean 51 44 g 50 -
4 group
Range 29-81 19-62 8 40 s
30 -
Male:female ratio 22:21%* 11:10* 20 130 | MS group
Tumor side occurrence 10 . o0 0 : 42
Left 45.2 % 38.90 % 0
Right 548 % 61.10 % Class A Class B Class C Class D
' ) Hearing cl
Tumor location occurrence earing class
1C 54.5 % 22.7 %
v 31.8 % 31.8 % B Initial symptoms
IvC 9.1 % 9.1 % 100
90 *
TMOD 2.3 % 183 % —
80 705 737 68,2
TMAC 23 % 0.0 % 70 ;
TO 0.0 % 0.0 % & 60
TML 0.0 % 0.0 % 8 ig B CM Group
Tlab 0.0 % 45 % ° 23
30 205 MS group
+CPA 0.0 % 13.6 % 20 152 o1
Most common IC subsite (%) 10 l . 0,0
. 0
Middle turn of cochlea 33 % Tinnitus Vertigo Dizziness  Aural Fullness
Entire cochlea 273 % Symptoms
Most common IV subsite (%)
Vestibule alone 78.5 % 54.1 % Fig. 2 Initial hearing status (a) according to the American Academ
g g g y
; o of Otolaryngology-Head and Neck Surgery classification system and
SCCs involvement yngology gery Y
initial symptoms (b) in conservative management and microsurger:
SCCs alone 0.0 % 0.0 % ympto va Anage ¢ gery
LSCC 105 % 0.0 % groups. Asterisk denotes a statistically significant difference
SSCC 0.0 % 83 %
P X . . .
sce 0.0 % 0.0 % Relation between age and treatment ption
LSCC + SSsCC 53 % 83 % 100
LSCC + PSCC 0.0 % 0.0 % 90
SSCC + PSCC 0.0 % 0.0 % 80
LSCC + PSCC + SSCC 53 % 25.0 % _ 70 1
i & 60 —
Tumor size (mm) 2 50 2
Mean 4.0 6.5 § 40 — | B CM group
Range 2.6-10.0 3.0-15.0 30 73 — MS group
Follow-up time (months) 20 9,5
10 oo 8 [ I 2370,0
Mean 29.2 44.6 0 ’ —
Range 4.0-96.0 0.2-451.0 <19 20-39 40-59 60-79 >80
Surgical approach occurrence Age at diagnosis (years)
Translabyrinthine 45.5 %
Transotic 2720 % Fig. 3 Relation between treatment option and age at diagnosis
Labyrinthectomy 9.10 %
Unknown 18.20 % Unfortunately, not all the patients of the MS group had
Transient postoperative facial palsy (%) their hearing outcome evaluated. Thus, of the available
House-Brackmann grade II 9.1 %o***

IV intravestibular, IC intracochlear, IVC intravestibulocochlear,
TMOD transmodiolar, TMAC transmacular, 7O transotic, TML tym-
panolabyrinthine, Tlab translabyrinthine, +CPA involving cerebel-
lopontine angle, SCCs semicircular canals, LSCC lateral semicircular
canal, SSCC superior semicircular canal, PSCC posterior semicircular
canal

* Missing data
** % among 1V, IVC, TMAC, TO, TML, Tlab, CPA

**% All associated to translabyrinthine approach

data, 18 patients (90.0 %) had a class D hearing level pre-
and post-operatively and 2 patients (10.0 %) had a class C
at initial presentation worsening to class D postoperatively
(Fig. 4b).

At the last follow-up, no patients have reported a new-
onset tinnitus or dizziness. However, six patients of the CM
group (17.1 %) reported a new onset of vertigo, compared
to 1 MS patient (3.3 %), which was not statistically sig-
nificantly different (p = 1.000).
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A Symptoms improvement

* *

100,0 100,0

100
90
80 "
. 70
X 60 50,0
2 50 B CM group
8 40
30 - 22,2 ! MS group
20 1 ]
10 0,0 0,0
0
Tinnitus Vertigo Dizziness
Symptoms
B Hearing outcome
100 50,0
90
80 70,5
70
8 60
g 50
] B CM group
8 40
27,3
30 MS group
20 10,0
10 2345
0 — !
Improved Unchanged Worse
Evolution

Fig. 4 Tinnitus, vertigo and dizziness improvement (a) and hearing
evolution (b) in conservative management and microsurgery groups

Overall symptomatology pre- and post-CM and MS

Disregarding hearing loss, the number of symptoms at the
initial presentation and at the last follow-up for the CM and
MS groups are reported in Fig. 5. Initially, no patient
suffered from the four symptoms simultaneously. Postop-
eratively, eight patients had one symptom: seven cases
(87.5 %) still suffered from tinnitus and one case (12.5 %)
reported a new onset of vertigo.

Isolated ILS: symptom outcomes

Fifty-six patients of the 66 previous patients composed a
subgroup of isolated ILS: 29 (50.9 %) IC schwannomas, 21
(38.2 %) IV schwannomas and 6 (10.9 %) IVC schwan-
nomas. Forty-two patients had CM (24 IC; 14 IV; 4 IVC)
and 14 patients had MS (5 IC; 7 IV; 2 IVC). Concerning
tinnitus, an improvement was seen in 33.3 % of MS cases,
compared to none in the CM group (p = 0.011). CM pa-
tients reported unchanged tinnitus in 85.7 % of cases and
worse tinnitus in 14.3 % of cases. Again, not all the pa-
tients had their complete symptomatology evaluated during
the last follow-up. Of the available data in the MS group, 4
patients (44.4 %) had stable tinnitus and 2 patients
(22.2 %) reported tinnitus worsening. There was also a
statistically significant difference between both groups in
the vertigo outcome: 100.0 % of patients in the MS group
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A Overall symptom at initial presentation

100,0
90,0
80,0
70,0
60,0
50,0 432705
40,0
30,0 250 273

27,3
20,0
10,0 45 45
|
0 1 2

B CM group

Cases (%)

MS group

0,0

Number of symptoms

B Overall symptom at last follow-up

57,9

442491

30,2
I -
0,0 m”
1 2 3

Number of symptoms

B CM group

Cases (%)
wv
o

MS group

18,6 |
20 i
0

Fig. 5 Overall symptoms at initial presentation (a) and last follow-up
(b). Conservative management group patients with 0, 1, 2 and 3
symptoms had a mean follow-up time of 18.5, 32.2, 31.0 and
24.0 months, respectively. Microsurgery group patients with 0 or 1
symptom had a mean follow-up time of 15.9 and 15.9 months,
respectively

compared to 25.0 % of the CM group reported an im-
provement (p = 0.002). Unchanged and worse vertigo was
reported in 62.5 and 12.5 % of CM cases, respectively.
Dizziness at the last follow-up showed a statistically sig-
nificant difference between the two groups with an im-
provement reported in all cases of MS group compared to
0 % in the CM group (p = 0.018). All cases in the CM
group reported unchanged dizziness (Fig. 6).

Schwannomas exceeding the labyrinth and the SCCs

Ten of the total 66 patients comprised this subgroup: 5
TMOD, 1 TMAC, 1 Tlab and 3 + CPA. Eight patients
underwent MS (4 TMOD; 1 Tlab; 3 + CPA) and 2 had CM
(TMOD; 1 TMAC) (Fig. 6).

MS salvage following CM

Among the 44 patients in the CM group, 8 patients (5 IC; 1
IV; 2 IVC) underwent MS following a mean follow-up du-
ration of 18.5 months. The latter patients failed CM due to:
tumor progression (n = 3), hearing loss progression (n = 3),
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A Initial symptoms of conservative management

subgroups
100
100
= 80 69 H Tinnitus
2\1 50
- 60 Vertigo
Q
] 40 71 1
14 P
O 20 5 5 5 Dizziness
0
O Aural Full
Isolated ILS Exceeding Labyrinth/ uraiFufiness
SCCs
B Final symptoms of conservative management
subgroups
100
100 o8 H Tinnitus
< 80
S 50
» 60 Vertigo
@ 40 2 4, I
o ~ - 3 Dizziness
0 . i OAural Fullness
Isolated ILS Exceeding Labyrinth/
SCCs
C Initial symptoms of microsurgery subgroups
100
80 o, 7 - S M Tinnitus
§ 60 50 Vi .
° 43 ertigo
@ 40 25 - L
o 2 | 13 13 Dizziness
0
0 [] [] OAural Fullness
Isolated ILS Exceeding MS Salvage
Labyrinth/SCCs
D Final symptoms of microsurgery subgroups
100
30 B Tinnitus
X
‘5 60 5 Vertigo
e 40 i 25 .
o . 13 Dizziness
20 00 . 000 00 0
0 1 OAural Fullness
Isolated ILS Exceeding MS Salvage
Labyrinth/SCCs

Fig. 6 Symptom occurrence of conservative management subgroups
at initial presentation (a) and last follow-up (b) and symptom
occurrence of the microsurgery subgroups at initial presentation
(c) and last follow-up (d)

tinnitus aggravation (n = 1), new onset of vertigo (n = 4),
vertigo aggravation (n = 1), new onset of dizziness (n = 4)
and new onset of facial weakness (n = 1). Postoperative
symptom outcomes showed vertigo and dizziness improve-
ment in all cases, whereas tinnitus and facial weakness re-
mained unchanged in two different cases (Fig. 6 c, d).

Discussion

Since the first discovered ILS in 1917 [48], different
management options and algorithms have been proposed to

alleviate patients’ symptomatology [3-5, 8, 12, 15, 18, 19,
21, 33, 44, 49-52]. However, because ILSs are infrequent,
no study has evaluated the difference between treatment
options and their outcomes. Thus, the aim of this meta-
analysis is to compare the effectiveness of CM versus MS
on the clinical evolution in order to shed light on the best
available treatment for ILS.

The initial presenting symptoms, from the most to the
least prevalent, consisted of hearing loss, tinnitus, vertigo,
dizziness and aural fullness. Both groups were not initially
comparable, especially for vertigo, as a statistical differ-
ence was found between CM and MS. This finding sug-
gests that an indicative bias may have differentiated both
groups, as patient suffering from intractable vertigo were
referred to MS. It is interesting to note that all of these
patients also had a class D hearing level. Thus, MS is not
indicated for patients with serviceable hearing, even when
they suffer from tinnitus, vertigo, dizziness or aural full-
ness as these symptoms seem less incapacitating and more
acceptable. Consequently, the treatment choice is influ-
enced by the hearing level and the patients’ age, as older
patients had more morbidity and their tumor growth is
relatively slower. Also, hearing preservation remains de-
batable following stereotactic radiotherapy and it may in-
duce facial palsy [4, 10, 21, 47, 53].

Hearing loss was worse in the MS group than the CM
group, with Class D hearing loss counting for 95.2 % of
cases with MS, compared to 55.3 % with CM. Van Abel
et al. [4] estimated that 84 % of patients suffering from ILS
have a class D hearing loss at initial presentation. In their
multicenter ILS study, Dubernard et al. [9] stated that
profound hearing loss was found in one-third of cases. It
has been reported that the clinical symptoms of ILSs are
more severe than those of VS, since the former may
transmit an altered stimulus to an intact nerve [9, 41, 54].
Finally, initial presentation with facial palsy has been
rarely reported and may be consider as a sign of severity of
the disease [9].

The association between tumor location and symp-
tomatology were not always predictable [9, 15]. The tumor
compression does not only produce a local effect, but may
produce endolymphatic hydrops, nerve compression or
vascular supply impairment, which could explain the un-
specific otologic complaints of ILS [14, 35, 55]. The ver-
tigo characteristics related to ILS are those of a peripheral
one, with intermittent attacks lasting a few minutes to
several hours, accompanied with nausea and vomiting [10,
19, 39, 43, 49, 56-62]. Considering the rarity of ILS,
association between tumor location and symptomatology
remains speculative. Surprisingly, the PSCC was never
exclusively affected, compared to the two other SCCs. This
may suggest that the origin of the ILS does not involve the
inferior vestibular nerve.

@ Springer



1364

Eur Arch Otorhinolaryngol (2016) 273:1357-1367

Although MS is an invasive treatment, facial palsy and
other morbidity have a low incidence following the proce-
dure [5, 49]. Three different approaches have been described:
translabyrinthine, transotic and a labyrinthectomy. The first
two were the most often reported. The translabyrinthine ap-
proach is a good option when the schwannoma involves the
vestibule. However, since the latter does not allow for a
proper access to the cochlea, a cochlear involvement usually
requires the transotic approach [8, 18, 46, 63].

ILS: symptom outcomes

Tinnitus, vertigo and dizziness were compared in both
groups, while hearing loss was excluded as MS auto-
matically lead to deafness. Aural fullness was also not
included in our analyses due to an important lack of data.
Regarding tinnitus, the MS group showed a statistically
significant improvement compared to the CM group. This
result is somewhat surprising, since tinnitus is often related
to hearing loss as it is proposed by the central theory [64].
Also, tinnitus is a highly subjective symptom, limiting its
reliability. However, this information bias remains a non-
differential misclassification as both group had the same
limitation. Since single-blind trials are not feasible, this
result may have a considerable placebo effect or a par-
ticipant response bias. Unchanged tinnitus was observed in
the majority of cases in the CM group.

Vertigo was resolved in all patients having undergone
MS. It can be suggested that the tumor resection allows the
abolition of the atypical peripheral signal. In the CM group,
there were also some cases (22.2 %) that showed vertigo
improvement. This improvement may be related to an
adaptation response of the vestibular system over time [9].
Nevertheless, the majority of patients had no change in
their vertigo, as expected. A similar conclusion can be
made about dizziness; all patients of the MS group had an
improvement, while all patients of the CM group had no
change in their dizziness.

Even if hearing status was not compared between CM
and MS, it is interesting to note that 72.8 % of cases in the
CM group showed a preserved hearing. Since expected
growth of ILS is similar to VS, estimated to be 1.8-2.4 mm/
year [15], and that the mean follow-up time in CM group
was only 2.4 years, it may not be long enough to represent
the natural history of these tumors [19]. However, this ob-
servation may be erroneous, as our study had a limited
number of patients. A previous study of our group has
shown that hearing preservation in CM for VS is obtained in
58.5 % of cases with a 5-year follow-up. Also, as hearing
loss is categorized in 4 different classes, it may lack finesse
to described a true hearing loss variation. Thus, the term
unchanged hearing loss may in fact imply a significant
hearing status change for the patient. The Hearing
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Classification of Consensus Meeting Guidelines has sug-
gested another classification system with six classes, which
may demonstrate a more specific difference among the
hearing levels [65]. Finally, one patient in the CM group
regained hearing function after receiving 5 doses of in-
tratympanic corticosteroids with a 15-month follow-up. As it
was stated, the improvement was likely attributed to the
reduction of the inflammatory component [20]. Thus, this
intervention may be adopted to improve the hearing loss due
to ILS.

We also evaluated the overall symptomatology pre- and
post-treatment option. Once again, hearing loss was not
considered since almost every patient suffered from this
symptom. In the CM group, the majority of patients had
one symptom at initial presentation and still showed one
symptom at the last follow-up. Three cases had no symp-
toms initially, except for hearing loss, and suffered from 2
at their last follow-up. Therefore, with CM, the best result
that can be expected is an unchanged overall symptoma-
tology, while the number and severity of the symptoms can
increase with time. In the MS group 12 patients suffered
from 2 or more symptoms at diagnosis while no patient had
more than 1 symptom following MS. In fact, postop-
eratively, the majority of these 12 patients had no symp-
toms altogether. Overall, 8 patients remained with one
symptom at their last follow-up, of which 7 complained of
tinnitus. Therefore, our study shows that patients who un-
dergo MS will likely have little to no symptom following
their surgery, with tinnitus being the hardest to relieve
following MS [12].

Overall, MS has a better outcome than CM, regarding
tinnitus, vertigo and dizziness. However, it must be noted
that the follow-up length is short, the total number of cases
analyzed is not optimal and an indicative bias is likely
present, as seen with vertigo.

Isolated ILS

Since the true anatomical origin of ILS is debatable in the
literature, a subgroup of ILS arising de novo in the labyr-
inth was analyzed. This subgroup revealed the same results
as those of the ILS group.

Schwannomas exceeding the labyrinth and SCCs

Due to the small number of patients with schwannomas
exceeding the labyrinth and SCCs (n = 15), no statistical
analyses were performed.

Salvage MS

Eight patients from the CM group had symptom or tumor
progression that required MS. Microsurgery remains the
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only treatment option that offers symptom relief with a low
recurrence rates [5, 18, 19, 40]. Although tinnitus did show
a statistically significant improvement in MS compared to
CM patients, half of these MS patients still suffered from
this symptom postoperatively. Therefore, additional treat-
ments for tinnitus should be considered, such as tinnitus
retraining therapy, cognitive behavioral therapy or neuro-
modulation [66].

Limitations and literature critique

This current analysis tends to promote MS over CM in
tinnitus, vertigo and dizziness improvement. As previously
mentioned, confounding by indication was one of the major
limitations of this study.

Furthermore, important information on patient and tu-
mor characteristics were missing from several studies, such
as tumor size, information that would allow us to have a
better understanding of the relation between size and
symptomatology, or size and the proper treatment option.
Unfortunately, follow-up data were more often than not
missing in the current literature. With the short follow-up
lengths in the current study, the CM group’s outcome re-
sults might have been overestimated considering the nat-
ural evolution of the disease [67]. We therefore suggest
that authors use the same guidelines proposed by the
Committee of Hearing and Equilibrium for VS [68] when
reporting data on ILS. Hearing status, tumor size, facial
nerve function, treatment type and surgical approach
should be described as raw data and symptom outcomes
should be stated as unchanged, improved or worse. Follow-
up lengths should minimally be of 3 months after the
treatment and annual intervals afterward.

About the controversy regarding tumor appellation, it
did not affect our collecting data, since all of the authors
clearly described the tumor location. However, we agree
with Bouchetemble et al., Zbar et al., Falcioni et al. and Di
Lella et al. [5-8] that ILSs are different than isolated ILSs,
since the only thing that differentiates VS to isolated ILSs
is the initial location which may be impossible to deter-
mine, when the tumor occupies both the medial and lateral
parts of the cochleovestibular nerve.

Conclusion

Intralabyrinthine schwannomas are a rare finding with few
cases reported in the literature. Through this study we have
been able to show that MS has a considerably more fa-
vorable outcome regarding symptom relief as compared to
CM in patients with severe hearing loss suffering from
tinnitus, vertigo or dizziness. In the absence of these
symptoms, CM is the best option. In order to improve the

quality of the studies available in the literature, we suggest
the use the same guidelines proposed by the Committee of
Hearing and Equilibrium for VS. This standardized
approach will be beneficial to further understand the true
pathophysiology of ILS.
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