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Objective: To perform a systematic review and meta-
analysis summarizing the current evidence on the manage-
ment of intracanalicular vestibular schwannoma.
Data Sources: Embase (1947–), Medline (1946–), Cochrane
library (1947–), Scopus (2010–), and CINAHL (1961–)
were searched from 1969 to October 5, 2019 (50 years).
Study Selection: A search strategy was performed to
identify patients with vestibular schwannoma confined to the
internal auditory canal without extension to the cerebellopon-
tine angle. Studies with patients aged less than 18, Neurofi-
bromatosis type 2, revision cases, and non-English language
were excluded.
Data Extraction: A standardized collection sheet was used
for the extracted data and a quality assessment was
performed using the Newcastle-Ottawa Scale with the
comparability criterion omitted.
Data Synthesis: Seventy-one studies were included with 24
on observation, 14 on radiotherapy, and 34 on surgery. The
primary outcome was serviceable hearing preservation.

Secondary outcomes were preservation of facial nerve
function, growth, involution, and dizziness. Sub-analysis on
the type of surgery and type of radiotherapy were performed.
Excel 2016 with MIX 2.0 Pro add-on package was used to
analyze the data and create forest plots. Data were presented
in proportion with a 95% confidence interval.
Conclusions: Serviceable hearing was observed in 31% of
patients after observation, 56% after radiotherapy, and 51%
after surgical treatment with mean follow-up time of 4.04
years, 4.92 years, and 2.23 years, respectively. Facial nerve
function was found to be best preserved in both observation
and radiotherapy groups. Vestibular schwannoma growth
occurred in 33% of patients under observation. Involution
occurred in 2% of patients under observation and in 38%
after radiotherapy. Key Words: Acoustic neuroma—
Acoustic tumor—Vestibular schwannoma.

Otol Neurotol 42:351–362, 2021.

Vestibular schwannoma (VS) is defined as intracana-
licular when it is limited to the internal auditory canal (1).
The mean diameter of the tumor at diagnosis has
decreased from 30mm in 1979 to 10mm in 2008, most
likely from an increase in magnetic resonance imaging
(MRI) availability (2,3). Cases that are exclusively intra-
canalicular have demonstrated a 25% increase in inci-
dence, during this time period (3).

Three modalities of treatment are available for intra-
canalicular vestibular schwannoma (ICVS) including
observation, stereotactic radiotherapy, and microsurgery

(1,4). Since ICVS typically has gradual growth, conser-
vative management with periodic imaging and audio-
gram follow-up has been advocated as an alternative to
avoid complications related to other treatment options
(1,2). However, controversies have arisen due to con-
cerns regarding hearing deterioration and the risk of
tumor growth (1). Therefore, some authors have reported
a preference for microsurgery or stereotactic radiother-
apy to preserve long-term serviceable hearing (1). Long-
term treatment outcome goals are tumor control, preser-
vation of cranial nerve function, including functional
hearing and balance, as well as the maintenance of
quality of life (2,4).

This work aims to perform a meta-analysis and sys-
tematic review of the current evidence regarding the
management of ICVS. The primary outcome assessed
was serviceable hearing preservation and secondary out-
comes included facial nerve function preservation, tumor
growth, tumor involution, and dizziness.
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MATERIALS AND METHODS

A systematic review was performed to identify patients with
ICVS managed under observation, radiotherapy, or surgery.
This review was performed in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) (5) and registered in the International Prospective
Register of Systematic Reviews (PROSPERO) database (6)
(registration number CRD42018091862). Methods from the
Cochrane Handbook for Systematic Reviews of interventions
were followed (7).

Search Strategy
A systematic electronic search was performed on Embase

(1947–), Medline (1946–), Cochrane library (1999–), Scopus
(2010–), andCINAHL (–1961) from 1969 toOctober 5, 2019. A
search strategy was designed for each database (Appendix 1,
http://links.lww.com/MAO/B131) to identify all the studies on
VS. Search terms included vestibular schwannoma, acoustic
neuroma, acoustic tumor, and acoustic tumour. The target popu-
lationwas patientswithVSconfined to the internal auditory canal
without extension to the cerebellopontine angle (CPA).A citation
search was performed from the included studies.

Eligibility Criteria
The inclusion criteria were patients with ICVS not extending

to CPA managed by observation, radiotherapy, or surgery.
Studies were excluded if they had patients with neurofibromato-
sis type 2, previous treatment received, lesions partially removed,
age under 18 or were case series with less than five cases. Studies
including both ICVS and lesions extending to CPA had only
ICVS data extracted. Non-English literature was also excluded.
The studies in which ICVS data were impossible to extract or had
the same database were excluded from the meta-analysis.
Reviews, guidelines, letters, and editorials with no original data
were excluded as well as cadaveric or animal studies.

Study Selection
The search results were reviewed by two authors (M.C. and

M.L.) and selected according to the eligibility criteria. Initially
the duplicates were removed followed by the processes of title
screening and abstract review. The full texts of the selected
abstracts were analyzed. A third or fourth review (N.P. and N.J.)
discussed any disagreement between the first two reviewers. If
necessary, e-mails were sent to corresponding authors request-
ing essential information and data for analysis.

Data Extraction and Quality Assessment
Data extraction was performed on an Excel standardized

collection sheet. The publication information, surname of the
first author and publication year, study design, number of
patients, intervention, outcomes measures, mean follow-up,
and baseline serviceable hearing were recorded. The quality
of the studies and the risk of bias including baseline hearing
level, duration of follow-up, year of study, type of surgical
approach, and technique and dose of radiotherapy were assessed
by two authors (M.C. and M.L.) with the Newcastle–Ottawa
Scale (NOS) (8) (Table 1). Comparability criterion was omitted
and follow-up was considered adequate if it was for longer than
6months. The NOS is a star system for non-randomized studies.
A study is judged on three broad perspectives: the selection of
the study, the comparability of the groups that have been
omitted in this study, and the ascertainment of the outcome
of interest. Selection assessment includes representativeness of

the selected cohort, ascertainment of the exposure, and demon-
stration of the outcome of interest. Outcome category includes
assessment of the outcome, the length of the follow-up, and the
adequacy of the follow-up. Each high-quality choice receives a
star, and thus, is graded from zero to six stars when omitting the
comparability criterion and zero to eight stars when the com-
parability is required in the case of cohort studies.

Primary and Secondary Outcomes
The primary outcome was serviceable hearing preservation

defined as The American Academy of Otolaryngology and
Head and Neck (AAO-HNS) (9) hearing classification class
A/B or Gardner–Robertson (GR) (10) class I/II. The secondary
outcomes were preservation of facial nerve (FN) function
defined as the House–Brackmann (11) grade I/II; growth,
which was defined positive if above 1mm per year; involution,
which was defined as any reduction in the size of the tumors for
patients treated with observation or radiotherapy; recurrence in
those treated with surgery; and dizziness after surgery assessed
through the Dizziness Handicap Inventory (DHI) scores that
range from 0 to 100 and correlated to patient’s perception of
their vestibular symptoms. Dizziness was assessed only in the
surgery arm because there were no data available on dizziness
in ICVS patients in observation and radiotherapy studies. Sub-
analyses on serviceable hearing preservation by type of surgery
including retrosigmoid approach (RSA) and middle fossa
approach (MFA); type of radiotherapy including Gamma Knife
radiosurgery (GKRS) and linear accelerator (LINAC) and FN
function after surgery were performed.

Statistical Analysis
Statistical analyses were performed using Excel 2016

(Microsoft, Redmond,WA) with a statistical add-on application
package MIX 2.0 Pro (BiostatXL, 2016, CA) (12). Descriptive
data were presented in percentages and proportions. Forest plots
were visually inspected to investigate statistical heterogeneity.
Heterogeneity across studies was assessed by means of I2

statistic (7), which provides an estimate of the percentage of
variation observed across studies due to heterogeneity rather
than caused by chance, and p-value. A value of I2 is more than
or equal to 50% was taken to indicate significant heterogeneity.
Data output was generated as a weighted proportion both within
individual studies and as overall cumulative/summary propor-
tion using a fixed effects model. The data were presented as a
proportion with a 95% confidence interval. Statistical signifi-
cance was determined at the p< 0.05.

RESULTS

Study Selection
The search strategy identified 6,574 studies, of which

1,741 were removed as duplicates. After screening titles,
3,572 articles were excluded. From a total of 1,261
abstracts screened, there were 814 full texts assessed.
Of these, 105 were included in the systematic review and
71 were meta-analyzed. A PRISMA flow diagram is
shown in Figure 1.

Included Studies
The studies included in this meta-analysis consisted

mainly of case series (n¼ 69) and cohort (n¼ 2).
Twenty-four studies with 2,077 patients were included
in the observation arm, 14 studies with 366 patients were
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TABLE 1. Characteristics of included studies

Observation Studies

Author Year Design n

n

(ICVS)

Primary

Outcome

Secondary

Outcome

Follow-up

(Mean�SD) (yr)

ICVS Baseline

Serviceable Hearing (%)

Serviceable Hearing

Preservation (%)

Rosenberg (13) 1993 Case series 23 5 Growth – 4.30� 2.12 – –

Charabi (14) 1999 Case series 40 40 SRT/SDS Growth 3.60� 2.80 – –

O’Reilly (15) 1999 Case series 44 20 Growth >1mm/yr 7.00� 2.25 – –

Massick (16) 2000 Case series 21 13 AAO-HNS Growth >10% 3.80� 1.20 50.0 20.0

Raut (17) 2004 Case series 61 18 AAO-HNS Growth >1mm/yr 6.66� 3.79 – –

Grayeli (18) 2005 Case series 693 114 HB – 2.75� 2.18 – –

Martin (19) 2008 Case series 167 91 AAO-HNS HB 5.16� 1.58 – –

Ferri (20) 2008 Case series 124 59 AAO-HNS Growth �2mm/yr 4.78� 3.66 – –

Solares (21) 2008 Case series 110 32 Growth >2mm/yr – 2.62� 3.12 – –

Godefroy (22) 2009 Case series 70 30 Growth >2mm/yr – 3.91� 4.00 – –

Bakkouri (23) 2009 Case series 386 174 Growth >1mm/yr – 4.50� 2.00 – –

Régis (24) 2010 Cohort 47 47 GR Growth 3.65� 3.33 77.5 55.0

Suryanarayanan

(25)

2010 Case series 490 155 Growth >1mm/yr – 3.60� 3.50 – –

Pennings (26) 2011 Case series 47 47 AAO-HNS Growth >2mm/yr 3.60� 1.57 65.9 48.9

Moffat (27) 2012 Case series 381 238 Growth >2mm/yr – 4.20� 3.20 – –

Lee (28) 2014 Case series 31 31 Consensus Meeting

Guidelines

3.20� 1.50 38.7 19.3

Álvarez-Morujo

(29)

2014 Case series 73 43 Growth >2mm/yr – 2.98� 4.75 – –

Elliot (30) 2015 Case series 123 48 AAO-HNS – 5.61� 2.66 100 60.4

Daultrey (31) 2016 Case series 555 256 Growth >1mm/yr – – – –

Wolbers (32) 2016 Case series 155 80 Growth >2mm/yr – 4.05� 1.55 – –

Kirchmann (33) 2017 Case series 156 156 AAO-HNS Growth �2mm/yr 9.50� 6.00 48.7 16

Younes (1) 2017 Case series 53 53 Consensus Meeting

Guidelines

Growth �2mm/yr 2.66� 1.00 – –

Prasad (34) 2018 Case series 154 95 AAO-HNS HB/Growth >1mm/yr 3.07� 2.51 – –

Lees (35) 2018 Case series 396 232 Growth �2mm/yr – 3.57� 1.07 – –

Radiotherapy Studies

Author Year Design n

n

(ICVS)

Primary

Outcome

Secondary

Outcome

Intervention

Type

Dose

(mean

�SD) (Gy)

Follow-up

(mean

�SD) (yr)

ICVS Baseline

Serviceable

Hearing (%)

Serviceable

Hearing

Preservation (%)

Vermeulen (36) 1998 Case series 54 14 HB Growth GKRS 16� 1.5 1.50� 0.79 – –

Litvack (37) 2003 Case series 134 11 GR HB/ Growth GKRS 12� 0.6 2.64� 1.25 100 63.6

Weber (38) 2003 Case series 88 12 GR HB Proton beam – 3.95� 1.88 – –

Iwai (39) 2008 Case series 248 25 PTA Growth GKRS – 7.41� 2.00 64 40.0

Lasak (40) 2008 Case series 33 10 AAO-HNS/GR Growth GKRS 25.9� 0.48 2.05� 1.15 – –

Niranjan (41) 2008 Case series 96 96 AAO-HNS/GR GKRS 12� 2.0 3.50� 2.75 82.2 56.2

Franzin (34) 2009 Case series 50 8 GR GKRS 13� 1.0 3.20� 1.87 100 100

Régis (13) 2010 Case series 128 34 GR GKRS – 3.65� 3.33 100 76.4

Kim (42) 2013 Case series 728 60 GR Growth GKRS 12� 0.1 5.12� 0.27 100 56.6

Marston (43) 2016 Case series 68 9 AAO-HNS Growth GKRS – 6.19� 2.77 – –

Lin (44) 2017 Case series 100 19 AAO-HNS GKRS – 3.68� 1.75 100 15.7

Rues (4) 2017 Case series 49 49 GR HB/Growth LINAC/CK 12.6� 0.6 5.41� 4.89 65.3 51.0

Sauer (45) 2018 Case series 45 14 AAO-HNS Growth LINAC – 2.16� 0.54 78.5 42.8

Tang (46) 2018 Case series 58 5 GR HB GKRS 6.7� 0.1 2.16� 1.06 100 100
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included in the radiotherapy arm, and 34 studies with
1,583 patients in the surgery arm (Table 2). One of the
cohort studies (24) was included in both the observation
and the radiotherapy arms.

Population
The majority of the studies included patients with

vestibular schwannoma located in the internal auditory
canal and extending to CPA (n¼ 58). The minority of the

studies (n¼ 13) (26,33,36,39,41,42,49,63,75,77) were
exclusively on ICVS.

Quality Assessment
According to NOS, from the 69 case series, one (1.4%)

had a total of three stars, 16 (22.5%) had a total of 4 stars,
22 (30.9%) scored 5 stars, and 30 (42.2%) scored six
stars. From the two cohort studies, one scored six stars
and the other one eight stars out of 8-item criteria. Studies

Surgery Studies

Author Year Design n

n

(ICVS)

Primary

Outcome

Secondary

Outcome Type

Follow-up

(Mean�SD) (yr)

ICVS Baseline

Serviceable Hearing (%)

Serviceable Hearing

Preservation (%)

Kanzaki (47) 1991 Case series 131 13 HB – EMFA – – –

Goel (48) 1992 Case series 42 6 GR – RSA 2.36� 1.18 100.0 66.6

Haines (49) 1993 Case series 119 12 GR HB MFA/PFA – 91.6 83.3

Brookes (50) 1994 case series 24 5 PTA/SDS HB PFA – 100.0 60.0

Wiegand (51) 1996 Case series 1579 62 HB – MFA/TLA/PFA – – –

Kanzaki (52) 1997 Case series 28 10 AAO-HNS – MFA 4.80� 1.75 100.0 40.0

Schwartz (53) 1998 Case series 50 12 HB/QOL – SOA/TLA/MFA 1.92� 0.91 – –

Irving (54) 1998 Case series 98 42 AAO-HNS HB MFA/RSA 0.83� 0.73 100.0 61.1

Ishikawa (55) 1998 Case series 43 5 PTA/SDS HB MFA – 40.0 20.0

Kumon (56) 2000 Case series 53 15 AAO-HNS HB MFA 3.75� 0.75 86.6 66.6

Staecker (57) 2000 Case series 30 30 AAO-HNS HB MFA/RSA – 93.3 50.0

Møller (58) 2000 Case series 100 14 HB – TLA/SOA – – –

Gjurić (59) 2001 Case series 735 162 AAO-HNS HB EMFA – 70.3 43.8

Magnan (60) 2002 Case series 119 20 AAO-HNS HB RSA – – –

Darrouzet (61) 2004 Case series 400 39 AAO-HNS HB TLA/WRLA/SOA 5.83� 4.16 – –

Mangham (62) 2004 Case series 73 73 AAO-HNS HB RSA/MFA – 69.0 49.2

Colletti (63) 2005 Case series 70 70 AAO-HNS HB MFA/RSA – 100.0 45.7

Tufarelli (64) 2006 Case series 386 52 DHI - MFA/RLA/RSA/

TCA/TLA

4.01� 2.40 – -

Godefroy (65) 2007 Case series 18 18 DHI TLA – – –

Bernat (66) 2010 Case series 120 13 HB – MFA/TLA/ TOA – – –

Yamakami (67) 2010 Case series 22 5 AAO-HNS – RSA 4.78� 2.27 100.0 60.0

Ammar (68) 2011 Case series 1722 200 HB – ETLA - - -

Freitas (69) 2012 Case series 176 94 AAO-HNS HB MFA/RSA - - -

Springborg (70) 2012 Case series 1244 13 HB – TLA - - -

Bento (71) 2012 Case series 825 189 AAO-HNS HB RLA - - -

Mazzoni (72) 2012 Case series 200 25 AAO-HNS – RSA 7.50� 3.75 100.0 72.7

Nguyen (73) 2012 Case series 379 53 AAO-HNS – RSA – 100.0 75.4

Rinaldi (74) 2013 Case series 66 6 HB – TLA/ RLA/

RSA/ MFA

1.58� 1.75 – –

Aihara (75) 2015 Case series 48 48 AAO-HNS – MFA – 97.9 70.8

Raheja (76) 2016 Case series 78 78 AAO-HNS HB MFA 1.25� 2.74 81.6 63.3

Samii (77) 2017 Cohort 19 19 HC HB/DHI RSA – 68.4 52.6

Marchioni (78) 2018 Case series 49 20 AAO-HNS HB ETTA 1.15� 14.75 – –

Dandinarasaiah (79) 2018 Case series 1983 155 HB ETLA – – –

Moon (80) 2018 Case series 7 5 GR SF-36 ETTA 1.07� 0.20 – –

AAO-HNS indicates American Academy of Otolaryngology–Head and Neck Surgery; CK, CyberKnife; DHI, Dizziness Handicap Inventory;
EMFA, enlarged middle cranial fossa approach; ETLA, enlarged translabyrinthine approach; GKRS, Gamma knife radiosurgery; GR, Gardner–
Robertson hearing class; Gy, Grays; HB, House–Brackmann; HC, Hannover classification; ICVS, Intracanalicular vestibular schwannoma;
LINAC, linear accelerator; MFA, middle cranial fossa approach; PFA, posterior fossa approach; PTA, pure tone audiometry; QOL, quality of
life; RLA, retrolabyrinthine approach; RSA, retrosigmoid approach; SD, standard deviation; SDS, speech discrimination score; SOA, suboccipital
approach; SRT, speech recognition threshold; TCA, transcochlear approach; TLA, translabyrinthine approach; TOA, transotic approach; TTEA,
totally transcanal endoscopic approach; WRLA, widened retrolabyrinthine approach.
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scoring less than four stars were considered to have a
higher risk of bias. Sixty-nine studies (97.1%) had an
adequate representativeness in their selection of the
patients. The ascertainment of exposure was adequate
in 100% of the included studies. The outcome of interest
was present in 55 studies (77.4%). The assessment of
outcome was appropriate in 100% of the studies. Fifty-
three studies (74.6%) had an adequate length of follow-
up. Fifty-one studies (71.8%) had an adequacy of follow-
up. From the two cohort studies, one had an adequate
selection of the non-exposed group and comparability
(Table 1).

Hearing Assessment
The AAO-HNS hearing classification was used in 32

studies whereas the GR scale was used in 12 studies.
Some studies used both classifications (n¼ 2) and other
studies used speech recognition threshold (SRT) and
speech discrimination scores (SDS) (n¼ 1), pure-tone
average (PTA) and SDS (n¼ 2), PTA only (n¼ 1),
Consensus Meeting guidelines (24) (n¼ 2), Modified
Sanna classification (n¼ 1), and Hannover classification
(25) (n¼ 1) (Table 2).

The baseline serviceable hearing in the observation
group was 65% (95%CI 0.59–0.70), ultimately 31% of
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eligibility (n=814)
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FIG. 1. PRISMA flowchart of the study selection process. PRISMA indicates Preferred Reporting Items for Systematic Reviews andMeta-
analyses.
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TABLE 2. Characteristics of included studies

Newcastle-Ottawa Scale Selection Comparability Outcome Total

Author Year

Study

Design

Represen-

tativeness

Selection

of Non-

exposed

Ascertain-

ment

of Exposure

Demonstrate the

Outcome

of Interest

Compara-

bility

Assessment

of

Outcome

follow

Up

Adequate

Follow

Up of Cohorts

Total

Kanzaki (47) 1991 Case series � � � � ����

Goel (48) 1992 Case series � � � � ����

Rosenberg (13) 1993 Case series � � � � ����

Haines (49) 1993 Case series � � � � ����

Brookes (50) 1994 Case series � � � � � �����

Wiegand (51) 1996 Case series � � � � ����

Kanzaki (52) 1997 Case series � � � � � � ������

Vermeulen (36) 1998 Case series � � � � ����

Schwartz (53) 1998 Case series � � � � � �����

Irving (54) 1998 Case series � � � � ����

Ishikawa (55) 1998 Case series � � � � � �����

Charabi (14) 1999 Case series � � � � � �����

O’Reilly (15) 1999 Case series � � � � � � ������

Massick (16) 2000 Case series � � � � � � ������

Kumon (56) 2000 Case series � � � � � � ������

Staecker (57) 2000 Case series � � � � ����

Møller (58) 2000 Case series � � � ���

Gjurić (59) 2001 Case series � � � � � � ������

Magnan (60) 2002 Case series � � � � � �����

Litvack (37) 2003 Case series � � � � � �����

Weber (38) 2003 Case series � � � � ����

Raut (17) 2004 Case series � � � � � � ������

Darrouzet (61) 2004 Case series � � � � � �����

Mangham (62) 2004 Case series � � � � � �����

Grayeli (18) 2005 Case series � � � � ����

Colletti (63) 2005 Case series � � � � � � �����

Tufarelli (64) 2006 Case series � � � � � �����

Godefroy (65) 2007 Case series � � � � � �����

Ferri (20) 2008 Case series � � � � � �����

Solares (21) 2008 Case series � � � � � �����

Martin (19) 2008 Case series � � � � � �����

Iwai (39) 2008 Case series � � � � � � ������

Lasak (40) 2008 Case series � � � � � � ������

Niranjan (41) 2008 Case series � � � � � � ������

Bakkouri (23) 2009 Case series � � � � � � ������

Godefroy (22) 2009 Case series � � � � � �����

Franzin (81) 2009 Case series � � � � � � ������

Régis (24) 2010 Cohort � � � � � � ������

Suryanarayanan (25) 2010 Case series � � � � � � ������

Bernat (66) 2010 Case series � � � � ����

Yamakami (67) 2010 Case series � � � � � � ������

Pennings (26) 2011 Case series � � � � � � ������

Ammar (68) 2011 Case series � � � � � �����

Moffat (27) 2012 Case series � � � � � �����

Mazzoni (72) 2012 Case series � � � � � � ������

Freitas (69) 2012 Case series � � � � � � ������

Springborg (70) 2012 Case series � � � � � � ������

Bento (71) 2012 Case series � � � � � � ������

Nguyen (73) 2012 Case series � � � � ����

Kim (42) 2013 Case series � � � � � � ������

Rinaldi (74) 2013 Case series � � � � � � ������

Lee (28) 2014 Case series � � � � � � ������

Álvarez-Morujo (29) 2014 Case series � � � � � � ������

Elliott (30) 2015 Case series � � � � � �����

Aihara (75) 2015 Case series � � � � ����
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this group preserved serviceable hearing (I2¼ 91%) with
a mean follow-up of 4.04 years (95%CI 3.78–4.31). In
the patients who received radiotherapy, baseline service-
able hearing was 91% (95%CI 0.88–0.95), 56% ulti-
mately preserved serviceable hearing (I2¼ 77%) with a
mean follow-up of 4.89 years (95%CI 4.83–4.99). In
patients treated surgically, baseline serviceable hearing
was 88% (95%CI 0.84–0.91), 51% ultimately preserved
serviceable hearing (I2¼ 80%) with a mean follow-up
of 2.23 years (95%CI 2.01–2.45). Serviceable hearing
preservation was similar between the retrosigmoid and
middle fossa approach (56% versus 53%, p¼ 0.66) as
well as LINAC and Gamma Knife (60% versus 58%,
p¼ 0.82).

Facial Nerve Assessment
All the included studies assessed FN function accord-

ing to the House–Brackmann (HB) grading score. FN
function was preserved in all of the patients under
observation (I2¼ 0%) with a mean follow-up of 4.28
years (95%CI 4.10–4.46). In the radiotherapy arm, even
though one study had four cases with permanent facial
neuropathy (HB> I/II), the summary of the proportion of
patients showed 0% of facial neuropathy in patients
receiving radiotherapy (I2¼ 45%) with a mean follow-
up of 2.59 years (95%CI 2.40–2.78), respectively, while
95% of patients had an acceptable facial function after
surgery (I2¼ 61.8%) with mean follow-up of 1.44 years
(95%CI 1.33 to –1.56). Higher values of preservation of
FN function were found in patients who were treated via
RSA (99% versus 89%, p< 0.01) (Fig. 2).

Growth and Involution
Growth was defined as more than 2mm/yr in 12

studies, more than 1mm/yr in 6 studies, and above
10% of the baseline size in one study. Two studies did

not clarify their definition for growth. Growth was
observed in 33% of the patients under observation
(I2¼ 96%) with a mean follow-up of 3.78 years
(95%CI 3.69–3.87) and in 3% of the patients who
received radiotherapy (I2¼ 53%) with a mean follow-
up of 2.61 years (95%CI 2.42–2.80) (Table 3).

The definition of involution was not specified by any
study. Involution was reported in 2% of the patients
under observation (I2¼ 32%) and 38% of the patients
receiving radiotherapy (I2¼ 91%) with a mean follow-up
of 3.29 years (95%CI 3.09–3.48) and 2.99 years (95%CI
2.76–3.21), respectively.

Recurrence
Recurrence was not reported by any of the studies

included in the surgery arm (I2¼ 0%) with a mean
follow-up of 3.00 years (95%CI 2.70–3.30).

Dizziness
The DHI scores were reported in three studies in the

surgery arm with a mean of 11.42 (8.95; 13.89).

DISCUSSION

Introduction and Tumor Definition
There is still much debate on the management of ICVS.

Some authors opt for microsurgery or radiotherapy when
hearing is still serviceable (24,37,42,44,46,48,50,52,
54,63,67,72,81), others favor observation as first-line
management, reserving other treatments for growing
tumors, aggravating symptoms, and/or patient preferences
(1,16,26,28,30,33,82). In this study, even the definition of
ICVS was varied. The KOOS classification was used
for several studies (1,24,45,46,61,78,80,81), however,
highlighting the heterogeneity in the data, some articles
used different guidelines or definitions to determine an

TABLE 2 (Continued)

Newcastle-Ottawa Scale Selection Comparability Outcome Total

Author Year

Study

Design

Represen-

tativeness

Selection

of Non-

exposed

Ascertain-

ment

of Exposure

Demonstrate the

Outcome

of Interest

Compara-

bility

Assessment

of

Outcome

follow

Up

Adequate

Follow

Up of Cohorts

Total

Daultrey (31) 2016 Case series � � � � ����

Wolbers (32) 2016 Case series � � � � � � ������

Marston (43) 2016 Case series � � � � � � ������

Raheja (76) 2016 Case series � � � � ����

Kirchmann (33) 2017 Case series � � � � � � ������

Younes (1) 2017 Case series � � � � � �����

Lin (44) 2017 Case series � � � � � � ������

Rueß (4) 2017 Case series � � � � � �����

Samii (77) 2017 Cohort � � � � � � � � ��������

Prasad (34) 2018 Case series � � � � � �����

Lees (35) 2018 Case series � � � � � � ������

Sauer (45) 2018 Case series � � � � � � ������

Tang (46) 2018 Case series � � � � ����

Marchioni (78) 2018 Case series � � � � � � ������

Dandinarasaiah (79) 2018 Case series � � � � � � ������

Moon (80) 2018 Case series � � � � � �����
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FIG. 2. Forest plot of the proportion of patients with intracanalicular vestibular schwannoma with facial nerve function (HB I/II) after (A)
observation, (B) radiotherapy, (C) surgery; and (D) sub-analysis of facial nerve function after surgery.
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‘‘intracanalicular’’ tumor. Some defined it as tumors
contained within the internal auditory meatus (IAM) but
others include lesions extending to CPA which were
excluded from this analysis. Others have subclassified
ICVS in stage IA, IB, and IC, according to its location
in the IAM (2).

Hearing Preservation
Hearing loss is the most frequent initial symptom in

ICVS (1,4,24,36,42). A recent study demonstrated that
32.5% presented hearing loss as a primary clinical man-
ifestation and a sudden hearing loss in 7.5% of those
patients (1). However, a study demonstrated that ICVS
can grow without affecting the hearing level, and con-
versely, patients’ hearing can deteriorate without tumor
growth (1). In this regard, a cohort of patients with ICVS
indicated that normal SDS at diagnosis had a signifi-
cantly smaller risk of subsequent loss of pure tone/
hearing and speech discrimination under observation
(83). Additionally, PTA deterioration was significantly
higher in patients with growing tumors (mean PTA
increase, 3.8 versus 1.5-dB HL/yr; p< 0.001) (33).

The annual hearing decrease rate (AHDR) is an alter-
native measure of hearing deterioration, which represents
the number of decibels lost per year (dB/yr). A study
found a mean AHDR of 3.5 dB/yr in the tumor ear
compared with 0.9 dB/yr on the contralateral side (2).
In ICVS, AHDR is associated with tumor growth, helping
facilitate management decisions (2). As observed in this
meta-analysis, multiple studies included patients who
had already had their hearing affected, which influenced
the baseline serviceable hearing of some studies and
analysis. Serviceable hearing preservation for the obser-
vation group was 31% with a mean follow-up of 4.04
years (3.78; 4.31) but heterogeneity was high (I2¼ 91%).

In terms of hearing preservation after RT, rates ranging
from 50 to75% are consistently reported. Transient vol-
ume expansion (TVE), defined as a volume expansion of
more than or equal to 20% compared with the initial
tumor volume within a year of RT, seems to be the
strongest indicator of hearing deterioration after RT for
ICVS (42). Several factors, such as TVE; patient age;
baseline hearing status; radiation dose to the cochlear
nucleus, nerve, or cochlea itself; and marginal dose
prescribed to tumors, have been suggested as possible
prognostic factors for hearing outcomes after RT (42).

It is important to be aware of the continued risk of
hearing decline with time following radiotherapy. A study
with RT of ICVS demonstrated serviceable hearing pres-
ervation rates of 70% in the first year, 63% in the second
year, and 55% in the fifth year after radiotherapy (42).
Another study also showed declined in hearing preserva-
tion from 79% at 2 years to 60% at 5 years (24). The
mechanism of the continued decline that occurs after RT is
still unknown and, unfortunately, majority of studies have
a follow-up period shorter than 10 years which affects the
analysis of long-term hearing preservation rate.

In terms of surgical management, the MFA and RSA
represent the two most common options for ICVS
(84,85). These techniques are an alternative for durable
hearing preservation in patients with a small tumor size
(<1.5 cm) and good preoperative hearing (84,86,87).
Conversely, the trans-labyrinthine approach represents
an alternative in cases of profound hearing loss and
intractable imbalance (77).

Classically both MCF and RSA are thought to be less
amenable to hearing preservation if the tumor is more
lateral in the IAC. With this work once again the data is
very heterogenous to draw conclusions, with some work
showing worse hearing (50) and others not finding any
significant difference in hearing preservation and fundal
extension (75). One study comparing the two approaches
demonstrated when the distance from the IAC fundus was
3mm or less, the MFA afforded significantly better hear-
ing results than the RSA (60% versus 44%, p< 0.05) (63).

Anatomical changes to the IAM on preoperative Com-
puted Tomography (CT) may affect hearing outcome. A
study on ICVS suggested that enlargement of the IAM on
coronal reconstruction images before surgery can predict
hearing loss using the MFA, it was found that inferior
enlargement of IAC was an independent predictor of
hearing outcomes (odds ratio 32.0, 95%CI 4.2–783.6,
p< 0.01) (75). However, another study found that IAC
enlargement greater than 7mm had higher hearing pres-
ervation after the RSA approach ( p< 0.05) (63).

Facial Nerve Function
The major counter argument for surgery in ICVS

management is potential injury to the FN. In this
meta-analysis the reported FN injury rates were 0% in
both observation and RT arms and 5% after surgery. The
analysis of RT should be interpreted with caution as one
of the studies had few cases of facial neuropathy, how-
ever it was not reflected in the summary of the proportion

TABLE 3. Summary of primary and secondary outcomes and
the heterogeneity associated with the findings

Weighted Average I2

Serviceable hearing preservation (AAO-HNS A/B or GR I/II)

Observation 31% 91%

Radiotherapy 56% 77%

Surgery 51% 80%

Facial nerve function (HBI/II)

Observation 100% 0%

Radiotherapy 100% 45%

Surgery 95% 62%

Growth

Observation 33% 96%

Radiotherapy 3% 53%

Involution

Observation 2% 32%

Radiotherapy 38% 91%

Recurrence

Surgery 0% 0%

Dizziness

Dizziness Handicap Inventory 11.42� 1.23 0%

AAO-HNS indicates American Academy of Otolaryngology and
Head and Neck; GR, Gardner–Robertson.

MANAGEMENT OF INTRACANALICULAR VESTIBULAR SCHWANNOMA 359

Otology & Neurotology, Vol. 42, No. 3, 2021



Copyright © 2021 Otology & Neurotology, Inc. Unauthorized reproduction of this article is prohibited.

of patients with facial function HB I/II after RT. The FN
has been considered at higher risk during the MFA
compared with other routes because after exposure of
the IAC in the MFA, the FN is immediately visualized as
it occupies the anterosuperior portion of the IAC fundus.
It therefore may be damaged during the surgical maneu-
vers as it requires to be displaced during tumor removal.
However, one study found no difference in FN function
between MFA and RSA approaches in ICVS at 1 year
postsurgery (63). Another study on ICVS reported four
cases of facial dysfunction early after RSA, but they all
improved within 1 year (HB I/II) (77). This meta-analysis
revealed higher values of preservation of FN function in
patients who were treated via RSA compared with MFA
(99% versus 89%, p < 0.01).

Growth
The main concerns of opting for observation with

ICVS are tumor growth and hearing loss. Several studies
have analyzed ICVS growth following management by
watchful waiting (1,14–16,20–28,31–35). In this regard,
an annual enlargement of the tumor diameter of 1 to
2mm has been commonly observed; however, lesions
with a faster growth rate are rare (2). This meta-analysis
observed that 33% of the patients with ICVS had growth
under observation, but the heterogeneity among the
studies was high (I2¼ 96%).

Dizziness
Intractable dizziness is commonly cited as an indication

for surgery in ICVS (77). Dizziness is the second most
common presenting symptom in ICVS and the DHI scores
has been used to gain a more detailed assessment of
functional, emotional, and physical deficits that emerge
as secondary issues in balance problems or vertigo (77). In
this meta-analysis, three surgery studies (64,65,77) pro-
vided continuous data on DHI showing an overall
improvement of balance after surgery. One of these stud-
ies, which included patients with disabling vestibular
symptoms kanzaki grade IV (88) and DHI more than or
equal to 54 (66.3� 10), demonstrated durable and improv-
ing DHI and quality of life scores over time at 3 weeks
(DHI 31.05� 12), 3 months (DHI 9.8� 10.5), and 1 year
after surgery (DHI 4.3� 8.0) (23). The second study
also included patients with Kanzaki grade IV (DHI
51.3� 13.1) and showed no significant change in DHI
at 3 months (38.1� 9.1) and a significant reduction in
DHI after 12 months (DHI 19.4� 9.5). The third study,
showed that patients with ICVS had significantly lower
DHI postoperatively than patients with extracanalicular
VS (34). However, some authors think that there is insuf-
ficient evidence to support either surgical resection or RT
for treatment of preoperative balance problems (89).

Radiotherapy Dose and Side Effects
Radiotherapy has been considered as an alternative

first-line treatment for small and growing ICVS as it has
been demonstrated to achieve tumor control rates
between 91 and 100% (4). One study recommended

the use of less than 13Gy for single-fraction RT doses
to facilitate hearing preservation and to minimize the
onset of new or deterioration of preexisting cranial nerve
deficits (84). The RT studies included in this meta-
analysis used a mean dose of 11.7Gy (95%CI 11.68–
11.73) (4,36,37,40–42,46,81). Side effects were reported
by some of the included RT studies. One study that used
GKRS at a dose of 16� 1.5Grays (Gy) revealed that
facial neuropathy occurred in six (43%) patients, of
which three resolved or improved; trigeminal neuropathy
occurred in three (21%) patients concurrently with facial
neuropathy of HB III or greater, two of them resolved
within 1 week; four (29%) patients had a new and acute
onset of vertigo, and three (21%) patients presented with
intermittent tinnitus (36). Similarly, a study using
LINAC at a dose of 12.6� 0.6Gy, new transient or
permanent symptoms were reported in nine cases
(18%) (vertigo n¼ 2, imbalance n¼ 4, CN VII paralysis
n¼ 2, facial hemispasm n¼ 1) (4). However, another RT
study showed a trend toward a higher incidence of late
facial neuropathy in VS with extracanalicular extension,
as no patient with only an ICVS developed FN dysfunc-
tion (38).

Limitations
Several limitations of the present study must be noted.

The major limitation is that only unpaired studies were
used in this meta-analysis which may under or over-
estimate the report effects, thus, caution should be used to
interpret the findings. Additionally, there was a marked
heterogeneity in the pooled data and only English lan-
guage studies were included. Furthermore, the classifi-
cation of definition of ICVS, growth, follow up, hearing
analysis, radiation methods, and doses often varied. Also,
continuous data were rarely reported for absolute growth
rate (mm/yr) and hearing levels (PTAdB).
Surgical studies are inherently flawed due to the

method of surgery varying from institutions. One disap-
pointing aspect of the surgical data was that many studies
did not provide the length of the follow-up. One of the
main arguments for surgery in the management of ICVS
is the maintenance of durable hearing. This was not
answered with the presented meta-analysis as the mean
surgical follow up time was only 2.23 years.

CONCLUSION

Themanagement of intracanalicular vestibular schwan-
noma should be individualized and take into consideration
initial presentation, progress of symptoms, patient comor-
bidities, and preferences. In thismeta-analysis, serviceable
hearing was observed in 31% of the patients after obser-
vation (mean follow up 4.04 yr), 56% after radiotherapy
(mean follow up 4.92 yr), and 51%after surgical treatment
(mean follow-up 2.23 yr). Facial nerve function was best
preserved via observation and radiotherapy. Vestibular
schwannoma growth occurred in 33%of the patients under
observation while involution occurred in 2% of the
patients under observation and in 38% on radiotherapy.
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