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Abstract
Background: In 10-15% of cases of vestibular schwannoma (VS) age at diagnosis is 40 years or less.
Little is known about the differences in natural history, surgical �ndings and postoperative outcomes of
such younger patients as compared to those of greater age. Objectives : To analyze clinical and surgical
and imaging data of a consecutive series of n=50 patients with unilateral sporadic VS, aged 40 years or
younger – separated in a very young group (15-30 years) and a moderately young group (31-40
years). Study design: Retrospective case series 

Methods: 50 consecutive patients under 40 years of age underwent microsurgical resection of unilateral
sporadic VS via the retrosigmoid approach. The study cohort was subdivided into two groups according
to the age range: Group A, age range 15-30 years (n=23 patients) and Group B, age range 31-40 years
(n=27 patients). The adherence of VS capsule to surrounding nervous structures and the tendency of the
tumors to bleed were evaluated by reviewing video records; the course of the FN in relation to the tumor’s
surface was assessed in each case. Microsurgical removal of tumor was classi�ed as total (T), near total
(residual tumor volume <5%), subtotal (residual tumor volume 5-10%) or partial (residual tumor volume
>10%).  

Results: Mean tumor size of entire cohort was 2,53 (range: 0,6-5,8) cm: 2,84 cm in Group A and 2,36 cm in
Group B (p=NS). Facial nerve course and position within the cerebellopontine angle did not differ
signi�cantly between the two groups. At 6-month follow-up, FN functional outcome was: HBI-II in 69,5% in
Group A, versus 96,3% in Group B (p<,001). Hearing preservation was achieved in 60,0% of patients of
Group A and in 58,3% of Group B (p=NS). Total and near-total resection was feasible in 95,6% of cases of
Group A and in 88,9% of Group B (p=NS). Tumor capsule was tightly adherent to nervous structures in
69,6% patients of Group A and in 22,2% of Group B (p<,05). Signi�cant bleeding was encountered in
56,5% of Group A tumors, and in 29,6% of Group B tumors (p<,01).

Conclusions: Microsurgery of VS in patients aged 40 or less is associated with good functional results,
and with high rates of total and near total tumor removal. Patients <30 years of age have more adherent
tumor capsules. Furthermore, their tumors exhibit a tendency to larger sizes, to hypervascularization, to
profuse intraoperative bleeding and they present worse long-term functional FN results when compared
to patients in their fourth decade of life. Our limited experience seems to suggest that a near total
resection in very young VS patients with large tumors should be preferred in adherent and
hypervascularized cases, in order to maximize resection and preserve function.

Introduction
Vestibular schwannoma (VS) is the most common tumor of cerebellopontine angle, accounting for 85 to
92% of tumors in that anatomical region. [5,19,27,32,33,42] Clinical presentation correlates with the
structures gradually and chronically compressed. Over the past 40 years incidence of VS has increased
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more than 10 times and mean age at diagnosis has increased from approximately 49 to 60 years. [8,28]
Notwithstanding, in about 10-15% of cases age at diagnosis is ≤40 years. [8,28]

Patient’s age, symptoms, Koos grade [15], growth pattern and co-morbidities determine the treatment of
choice among three options: watchful waiting (WW), radiation therapy (RT), and microsurgery.
[27,32,33,42] The main aims of management of VS are: improving quality of life, preserving neurological
functions, minimizing mortality and morbidity rates. The therapeutic strategy should also take into
account the patient’s own expectations from treatment, and the �nal approach is carefully individualized.
[5,19]

We retrospectively analyzed clinical and surgical data of a consecutive series of 50 symptomatic patients
with VS operated on at the age of 40 or younger, and compared outcomes, highlighting extent of tumor
removal, postoperative nerve functions, and complications observed in patients in their second-third
decade of life compared to those in their fourth one. Speci�cally, we analyzed whether surgical coplexity
in terms of adherences and vascualrity differed between younger and older patients. We also tested
whetehr tumor sizes differed with age.

Methods
Patient population.

We retrospectively reviewed 50 consecutive cases of unilateral VS aged 40 years or less, operated on at
San Filippo Neri Regional/Community Hospital of Rome by the �rst Author (LM) between September
2010 and September 2019, out of 225 cases operated on in the same period. In relation to the hypothesis
of a more aggressive behavior of VS in younger subjects, we splitted patients into two groups: patients
<30 years (Group A) versus patients of 31-40 years of age (Group B).

Only sporadic VS were considered. In 3 patients aging 20 years or less, family history, spinal MRI and
ophtalmological evaluation were considered in order to exclude possible NF2; genetic testing was done in
a young lady aging 15 years at diagnosis of unilateral VS and it was negative. Clinical data such as
patient’s age, sex, presenting symptoms, and tumor size were recorded. Preoperative neuroimaging
studies included temporal bone computed-tomography (CT) and gadolinium enhanced magnetic
resonance imaging (MRI) in all.

According to international criteria, tumor size was categorized measuring the largest extrameatal tumor
diameter on post-contrast axial MRI. [14] According to Koos et al. [15], tumors were classi�ed in four
grades, in relation to maximal diameter. All patients with Koos Grade I and II VS were followed for a
minimum of two years, and only tumors showing progressive growth of 2mm/year or more in the
maximum diameter on MRI scans were selected for microsurgical treatment. Two patients (group B)
received Stereotactic Radiosurgery (SRS) before surgery.
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Microsurgery via a standard retrosigmoid approach was performed in all cases. The course of the FN was
classi�ed into four different patterns: anterior (ventral) surface of the tumor (ANT), anterior-inferior (AI),
anterior-superior (AS), and dorsal (D). [16,30]

Preoperative audio-vestibular evaluation included: pure tone audiometry, speech audiometry and auditory
brainstem responses (ABR). Hearing level (HL) was determined according to the American Academy of
Otolaryngology–Head and Neck Surgery (AAO-HNS) classi�cation. [4] HL Class A (Speech discrimination
score >70%) and Class B (50-70%) were categorized as socially useful: in these cases, especially in Koos
I-II VS, hearing preservation (HP) was always attempted. Class C corresponds to a Speech discrimination
score <50% and Class D to complete hearing loss. [4]

We classi�ed the extent of tumor removal as total (T), near total (NT: linear millimetric residual tumor),
subtotal (ST: residual tumor volume <10%), and partial (P: residual tumor volume >10%). Extent of
resection was evaluated by a consensus from comparison of pre- and postoperative MRI performed by
one coauthor of the neurosurgical staff and one neuroradiologist who were blinded to outcome. In a
second stage, their evaluation was compared with the assessment in surgical report.

Clinical follow-up

Clinical and radiological follow-up was scheduled six months after operation and once a year thereafter;
follow-up range was 6-114 (mean: 59,7±13.3; median: 61) months.

Hearing preservation (HP) and long-term FN outcome (according to House-Brackmann grades) [11] was
performed six months after operation and at �nal follow-up (March 31, 2020). HB grades I-II were
categorized favorable outcome, grade III, IV and V unfavorable.

Perioperative �ndings and surgical outcome of Group A and B were compared, with particular focus on
intraoperative FN location and outcome, postoperative HP, and extent of surgical removal. In addition to
that, adherences of tumor capsule and tendency to bleed were evaluated. Transient and permanent
complications, and rates for surgical and mortality were recorded as well.

Intra-operative procedures: FN and Cochlear nerve preservation

IONM of FN and stimulation parameters

FN electromyography (EMG) was intraoperatively used (Nimbus i-Care-100, Newmedic, Hemodia, Labege,
France), with electrodes inserted in orbicularis oris and orbicularis oculi muscles. FN stimulation was
performed with monopolar stimulator, from 2mAmp (on the tumor surface) to 0,3-0,01mAmp (on the
nerve), for con�rmation of FN function. Final stimulation of FN was always performed both proximally (at
the level of brainstem) and distally (in the IAC) and the power of stimulation was recorded.

Distal and proximal FN was was always exposed with IONM feedback. The stimulation threshold at the
end of operation was always reported. In order to respect a balance between preservation of functions
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and maximal resection, when the threshold reached 0,5mAmp ore more, especially in VS without a clear
dissection plane, we decided to stop tumor removal.

IONM of cochlear nerve and stimulation parameters

Patients with preoperative hearing Class A-B received ABR audiometry (Nicolet Viking III, Viasys
HealthCare, Madison USA/Hochberg Germany) before surgery. ABR were evoked with LS-CE-Chirp®
stimuli (Interacoustics Eclipse-EP15-ABR-System, Denmark), by means subdermal nedlees or surface
electrodes placed at vertex (Cz) and on earlobes (A1, A2).

Sound-pressure ranged between 60dB-100dBHL, producing clear monitorable waves. Controlateral ear
was masked by 50dBHL white noise. Time analysis was about 40-60 seconds per sweep with Click and
10-15 seconds with LS-CE-Chirp.

On surgeon’s request, one or multiple series of 400-1200 acoustic stimuli were applied.

Retrosigmoid approach

All operations were performed by RS approach in lateral position. A slightly curved 5-6 cm skin incision
behind the ear, 1cm behind the mastoid, was performed, including the preparation of a free pericranial
�ap for dural closure. Then, the lateral occipital bone, including the superior and inferior nuchal lines, was
exposed and an app. 3x3 cm craniotomy with exposure of sigmoid and transverse sinuses was
performed. The dura was opened in semicircular shape. By sharp opening of the lateral cerebello-
medullary cistern, cerebrospinal �uid (CSF) was aspirated, facilitating gentle cerebellar retraction.

IAC opening was performed at very early stage: by cutting the dura covering the periphery of the IAC.
Then, ICA-unroo�ng was achieved with a 4mm extracoarse diamond burr or with the Sonopet® Ultrasonic
Aspirator (Stryker, Kalamazoo, MI) with dedicated bone tips. Under gentle cerebellar retraction, the tumor
capsule was exposed and the course of the FN was determined with monopolar stimulation.

A “V-cut” on the dorsal surface of tumor between the superior and inferior vestibular nerves was
performed with laser �ber or microscissors, followed by tumor debulking by use of low-energy Sonopet®

Ultrasonic Aspirator. Then, with microsurgical instruments, the tumor capsule was dissected from cranial
nerves during continuous facial and cochlear nerve monitoring. Lastly, the tumor capsule was removed
piece by piece with microscissors. Tumor excision near the fundus was performed under endoscopic
visualization, by blunt and sharp dissection. In case of strong adhesions millimetric fragments of the
capsule was left.

For preserving cranial nerve functions, oxidized cellulose, surgical patties, and saline irrigation with
steroids were used. At the end, the wall of IAC was covered with bone wax. After accurate hemostasis,
tight dural closure using the pericranial �ap, haemostatics, and sealants was performed and the
autologous bone �ap was �xed with miniscrews.
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Adhesion of tumor capsule and Bleeding rate

For assessing adherence of capsule to FN and brainstem and the tendency of tumor to bleed, two
coauthors blinded to patient identity, surgical report and outcome graded adherences and tendency to
bleed subjectively as minor or major adherences and minor or major tendency to bleed.

VS without clear perineural dissection plane from nervous structures (FN and brainstem) were classi�ed
as “major adherences”. Unfortunately, there is no scale for the degree of adherences: therefore, minor
adhesions were de�ned as cases where the facial nerve could be separated from the tumor comparatively
easily with a microdissector, and major adhesions were de�ned as those that were di�cult to separate,
requiring sharp dissection with microscissors. In cases where adhesions where too tight to ensure safe
total resection in the surgeons estimation, a sub- total resection was selected.

VS with unusual and redundant vascular architecture, which tended to profuse intratumoral bleeding
during debulking and dissection due to multiple small and pathological vessels, were categorized as
hypervascular. The possible high-bleeding behaviour of tumor was suspected in the preoperative T2-
weighted MRI images when multiple “serpiginous” �ow voids, representing large feeders and draining
veins, within the mass were observed.

Statistical analysis

Chi-square test for categorical variables and t-test for continuous variables were adopted, using MS Excel
software (Microsoft Corporation, Redmond, WA, USA). P-values <,05 were considered signi�cant and
values >,05 not signi�cant (NS).

Results
Preoperative clinical and radiological characteristics of the study population are summarized in Table 1.

Patients were subdivided in two groups: Group A (n=23; nine women, fourteen men), age range 15 – 30
years and Group B (n=27; thirteen women, fourteen men), age range 31-40 years.

Mean age of entire population was 31,7 (15-40) years: 25,8 years in Group A and 36,8 years in Group B.
Mean tumor size of entire series (225 cases) was 2,62 cm (range 0,6-5,8) versus 2,53 cm of patients
under 40 (p=NS); it was 2,84cm in Group A, 2,26cm in Group B (p=,06). The mean diameter of VS in
patients under-40 was signi�cantly different in presence of adhesions and in bleeding tumors. In detail,
VS with tight adherences of capsule to FN and/or brainstem had a mean diameter of 3,10 cm versus 2,01
cm of non-adherent (p<,01). Hypervascular and high-bleeding VS had a mean diameter of 3,32 cm versus
1,79 cm of hypovascularized tumors (p<,01).

Major clinical symptoms included hearing impairment, gait disturbances and facial paraesthesias.
Among Group B, �ve had trigeminal nerve symptoms (18,5%) versus two in Group A (8,7%) (NS). In ten
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patients of Group A VS were left-sided and in n=13 right-sided, versus n=13 and n=14 in Group B,
respectively.

Preoperative auditory assessment of Group A showed n=8 patients (34,8%) with Grade D hearing loss,
n=10 (43,5%) grade C hearing impairment, n=4 (17,4%) grade B, and one (4,3%) had Grade A hearing. In
Group B, 6 patients (22,2%) had Grade D hearing loss, 9 (33,3%) grade C impairment, n=10 (37%) grade B,
and two (7,5%) Class A hearing (NS).

Relationship between extent of surgical removal and age of patients is summarized in Table 2. The blind
review of postoperative MRI performed by one member of our neurosurgical staff and one
neuroradiologist was in accordance with the surgical reports except for 3 cases (NT removal for the
surgeon and ST for reviewers). In the whole series, total removal was obtained in n=40 patients (80,0%),
near total in n=6 (12.0%), and subtotal in n=4 (8.0%). In Group A, T-NT resection was achieved in 95,6% of
patients, in comparison to 88,9% of Group B (p=NS). At median follow-up of 61 months, a recurrence/re-
growth of residue was observed in 4 cases (8,0%) operated on with ST resection (1 Group A and 3 Group
B): in one of three recurrent patients of Group B a second surgery was necessary for large cystic
transformation 4 years after the �rst operation. In the other 3 cases, the initial growth of tumor ceased at
MRI controls performed once a year.

In accordance with the independent “blinded” opinion of the two reviewers, as for the entire cohort, the
tumor capsule was tightly adherent to FN and/or brainstem in n=22 cases (44%): 69,6% of Group A and
22,2% of Group B (p<,05); among the 6 cases of Group B showing tight adhesion of capsule, 2 received
preoperativer SRS. In detail, the adhesion of capsule to FN was at the level of the porus acusticus
internus in 90,9% of patients (20 out 22).

In the whole series, n=21 VS (42,0%) were highly vascularized and showed profuse intraoperative
bleeding: 56,5% belonged to Group A and 29,6% to Group B (p<,01) (Table 3).

Hearing and FN results at �nal follow-up are summarized in Table 4. Intraoperative FN course and
position in cerebellopontine angle in the entire series was: AS in 40,0%, ANT in 24,0% and AI 36,0%. In
detail, Group A: AS 43,5%, ANT 26,1%, AI 30,4%. In Group B rates were: AS 37,1%, ANT 22,2%, AI 40,7%
(NS).

At minimum 6-month follow-up, FN results were: HBI 74,0%; HBII 10,0%, HBIII 12% and HBIV 4,0%. As
regard the �nal stimulation of FN at the level of brainstem exit point, it was obtained with 0,3mAmp or
less in patients with HBI-II function, 0,3 and 0,5 mAmp in patients HBIII function and 0,5 mAmp or more in
HBIV.

In detail, in Group A FN results were HBI-II in 69,5%, HBIII 21,7% and HBIV 8,7%, whereas in Group B 96,3%,
one and zero, respectively (p<,001). Therefore, patients in their fourth decade of life had a better long-term
FN result: 96,3% of HBI-II function, compared to 69,5% of younger ones.
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HP was possible in 58,8% patients of the entire cohort with preoperative socially useful hearing: 60,0% of
Group A and 58,3% of Group B (NS).

Mortality and major morbidity were not observed. Seven patients (14,0%) experienced transient morbidity:
two patients of Group B required additional surgery for super�cial infection; two other patients of Group B
and one patients of Group A had transient cerebrospinal �uid leakage, successfully treated with external
lumbar drainage; two patients of Group A had diplopia (abducens nerve paralysis) lasting 3 and 4
months, respectively; one patient of Group A had a pneumonia, which resolved with antibiotic therapy.

Discussion
VS microsurgery requires a long learning curve and continuing re�nements. [14,17,23,31] Recently, a
combined approach of intented microsurgical STR followed by SRS, validated by EANO guidelines [9],
showed clinical and functional outcomes comparable to those obtained with T/NT removal (GTR)
[36,37].

Analyzing the results of a systematic review and meta-analysis of 248 patients affected by VS (9 series),
with a mean age of about 51 years (range 18-85), treated with this combined approach, Starnoni et al [36]
reported a progression-free survival of 93,9% (range 78-100), at a mean follow-up of 36,9 months, with
necessity of “salvage” treatment (second STR or SRS) in about 5% of patients. In addition, the functional
results were encouraging too: HBI-II FN function was obtained in 96,1% and HP in 59,9% of patients. [34]

Recently, the EANS skull base section published a systematic review, meta-analysis and consensus
statement on the surgical management of large VS [37]: they collected 43 series (4510 patients) of gross
total resection (GTR) and 11 series (467 cases, with a mean follow-up of 47,7 months) of planned STR
followed by SRS. In the GTR group the mean HBI-II FN result was 60,1% (range 30-84%) and the mean HP
rate 28,6% (2-56,2%), with a tumor control ranging from 90,9% to 100%; in the STR+SRS group the mean
HBI-II FN result was 91,1% (81-100%) and the mean HP of 61,2% (25-100%), with a tumor control ranging
from 79% to 100%). [37]

On considering patients affected by VS younger than 40 years, few data are available in the literature.
Sughrue et al [38] reported a series of 204 patients younger than 40 at diagnosis: GTR was possible in
85% of patients with maximum diameter <3cm and in 63% of larger tumors (p<,001); freedom from any
tumor growth was 89% after 10 years and 86% after 20 years. In their series, FN preservation at 6 months
(76%) and HP (68%) were statistically better in small size group. [38] On the basis of their results, the
authors concluded that microsurgery provides excellent long-term tumor control in patients younger than
40 years operated on for VS. [37] The main differences we observed between younger and older patients
of our series were: tighter adhesion of tumor capsule to FN and brainstem (p<,05) and more vascularized
and bleeding VS (p<,01) in Group A (Table 3), FN outcome better in Group B (p<,001). In particular, the age
of patients resulted in statistically signi�cant functional differences: patients in their fourth decade of life
had a better long-term FN result (96,3% HBI-II function), compared to younger ones (69,5%) (Table 4).



Page 9/19

It is not clear why VS diagnosed in the second and third decade of life have a different behavior and
outcome in comparison to those of patients in the fourth decade of life, given that all patients were
operated in the same surgical setting and by the same surgeon. The overall favorable results are however
in line with a previously published series of VS patients <40 years of age, although those authors did not
establish various age groups. [38]

Functional FN results.

Although great emphasis is currently placed on preserving nerve functions after VS resection, FN injury
still represents a relatively common postsurgical complication. Even when careful FN dissection is
performed, an anatomically intact nerve does not necessarily predict normal function. Despite anatomical
knowledge and experience, �nding its proximal terminus may be di�cult especially in large tumors. With
the aim to preserve the nerve functions and in accordance with several Authors [14,17,23,29,31,34], in our
practice we adopt the following steps: (1) intracapsular tumor debulking; (2) identi�cation of FN and, in
small tumors, cochlear nerve by means of IONM; (3) opening of IAC; (4) nerve dissection from tumor
capsule, trying to preserve the arachnoid plane; (5) bimanual dissection of tumor capsule from FN and,
when possible, cochlear nerve.

Troude et al. [40] analyzed the predictive factors for short-term and long-term FN function after VS
resection by translabyrinthine or retrosigmoid approach. At discharge and at 1-month follow up FN
function was best anticipated by preoperative facial function, intraoperative cochlear preservation and
extrameatal tumor diameter. Such association had already reported by Nutik et al [21], whose review of
108 cases reported that anatomic preservation of FN was inversely related to tumor size and improved as
the series progressed, stressing the relevance of the surgeon’s experience. When the nerve was
anatomically preserved, satisfactory postoperative outcome was inversely related to tumor size. Chiluwal
et al. [3] found that T1-T3a tumor extension (Hannover classi�cation) was signi�cantly associated with
better functional outcome than T3b at 3-months follow up. In our series, tumor size conditioned the
functional nerve outcome only in Group A: patients <30 years of age had larger tumors and a signi�cantly
worse FN outcome than Group B at 6 months after surgery (HBI-II rate: 69.5% vs 96.3%).

In the long term, FN function is best anticipated by postoperative early FN outcome, whereas previous
surgeries negatively affect the outcome. [39] In univariate analyses, additional predictive factors
evaluated by Troude et al [39] were surgeon’s experience and tumor remnant volume: the extent of
resection did not seem to condition FN outcome.

Controversial results have been described as planned less-than-total resection for FN preservation. This is
a crucial point to maximize resection while preserving function and its equally relevant even for very
young VS patients. [35,37,40,44] Reporting a series of 37 patients operated on for large VS, with a mean
follow-up of 36 months, Schneider et al. [35] reported the better outcome for NT versus T resection in
large VS. In particular, their patients treated with NT resection had 100% HBI-II FN functional outcome
compared to 78% of those with T removal, without signicant risk of recurrence [35].
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Zumofen et al. [44] reported a HBI-II postoperative rate of 89%, without need for salvage surgery, after
Gamma Knife had been administered onto planned tumor residues. However, Iwai et al. [12] found that
optimal FN outcome (postoperative HBI-II of 95%) could be jeopardized by the need for salvage surgery
after Gamma Knife in case of large tumor remnants (at least 6cm3). Such �ndings underline that
radiosurgery could represent a complement to microsurgery [40], even if surgical removal should be
attempted with the objective of maximal safe tumor eradication.

Large and bleeding VSs. Adherence of capsule.

According to Peris-Celda et al. [25], VS of younger patients are signi�cantly larger than those of olders
(p<,001), suggesting a more aggressive biology not yet completely understood. In their study the authors
found that >17% of 1304 VS had a tumor size >3cm and >7% over 4cm. In addition, they observed a
statistically signi�cant difference of mean age at diagnosis: 52,3 years for VS <4 cm versus 42,4 years
for larger ones (p<,001). [25] In addition, large and hypervascularized VS represent a microsurgical
challenge, especially if the capsule is adherent to nervous structures.

Angiogenesis is fundamental for the growth of solid tumors, including schwannomas and the vascular
endothelial growth factor (VEGF) is considered a major regulator [2]: its receptors have been identi�ed on
the surface of vascular endothelial cells [7] and its expression correlates with growth pattern of VS [2,26].
Uesaka et al [41] performed immunohistochemical studies for VEGF and VEGFR-1 mRNA on 36 VS
con�rming that, especially if recurrent, these tumors express high-level of these proteins. [40]

Adhesion to nervous structures seems to be related to downstream of effectors inducing synthesis of
extracellular matrix metalloproteinase (MMP). [25] In particular, Moller et al. [20] observed that tumor
concentration of matrix metalloproteinase-9 (MMP-9) correlates with VS growth pattern.

Carlson et al. [1] described genetic alterations observed in sporadic VS for evaluating if more clinically
aggressive tumors show different genetic alterations compared to more indolent. Few studies attempted
to pro�le genome-wide alterations in sporadic VS. In particular ‘‘two-hit’’ alterations of NF2 gene were
identi�ed in every tumor and were not present in peripheral blood, con�rming that all events were
somatic. [1] In our limited series, patients <30 years presented with larger, more adherent (p<,05) and more
vascularized (p<,01) VS (Table 3) (Figures 1, 2), con�rming the possibility of a biologically distinct tumor
subtype that may have a phenotypically aggressive behavior.

Large tumor size often hinders safe and effective gross total resection and is associated to factors that
negatively affect FN function, such as cystic consistency [6,18,22]. In Koos IV VS, negative FN outcome
acts as confounding factor, concealing the primary cause of di�cult dissection and resection.
Presumably, this happened in our series too: Group A carried worse postoperative FN function in large or
giant tumor subgroup and showed signi�cantly more adherent (p<,05) and more bleeding (p<,01) VS than
patients over 30 (Group B).
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In the series reported by Tos et al. [39], HB I-II function was achieved in 97% of medium-sized, 87% of
large and 66% of giant tumors. Similar �ndings were reported by Ojemann [24] in 410 patients, although
the size categories were different: normal FN function in 98% of small, 96% of medium sized (1-1,9 cm),
75% of medium large (2-3 cm), 56% of large (3-4 cm) and 56% of giant VS (>4 cm). In their cohort of 45
large VS, Hoshide et al. [10] reported 83% HBI-II rate after total or near-total resection. The results of our
series are in line with such features (T-NT in 92% and HBI-II FN function in 84%). We agree with Schneider
et al. [35], that a NT resection in very young VS patients with large tumors should be preferred to total
removal, especially in adherent and hypervascularized cases, in order to maximize resection and
preserving function.

Conclusions
Microsurgery of VS in patients aged <40 is associated with good functional results and high-rates of total
or near-total removal of the tumor. Patients under 30 years of age seem to have more adherent,
vascularized and larger VS, with worse long-term FN results than those in the fourth decade.

It is possible that these results correlate with speci�c molecular pathways. Studying occasional unilateral
VS in younger patients will be of great interest in order to understand if these have peculiar biological
characteristics that could represent new targets for possible neo-adjuvant targeted chemotherapy, to
reduce tumor angiogenesis and, thus, intraoperative bleeding.
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AAO-HNS = American Academy of Otolaryngology –Head and Neck Surgery; ABR = auditory brainstem
responses; AI = anterior and inferior; ANT = anterior; AS = anterior and superior; c.e. = contrast enhanced;
CT = computed tomography; D = dorsal; FN = facial nerve; GTR = gross total removal; HB = House-
Brackmann; HL = hearing level; HP = hearing preservation; IAC = internal auditory canal; MRI = magnetic
resonance imaging; NS = not signi�cant; RS = retrosigmoid; RT = radiotherapy; SRT = subtotal removal;
SRS = Stereotactic Radiosurgery; y.o. = year old; VS = vestibular schwannoma; WW = watchful waiting.
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Tables
Table 1. Preoperative clinical and radiological characteristics of the study population
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CHARACTERISTICS

 

 
Group A
(n=23)

 
Group B
(n=27)

 
Chi-
test

 
SEX

 

 
Female  22

 
Male     28

 
 

 
9  (39,1%)

 
14 (60,9%)

 
 

 
13 (48,1%)

 
14 (51,9%)

 
 

 
 

NS
 

 
MEAN AGE ± SD (years) 31,7±11,3 

 

 
25,8±9.1

(range 15 –
30)

 
36,8±12.7
(range 31 –

40)

 
 

 
 

SIDE
 

 
Left   23

 
Right 27

 
10
 

13
 

 
13
 

14

 
 

NS
 
 

 
 

MEAN
DIAMETER (cm)

 
 

 
 

Entire cohort 2,53 cm (range: 0,6
– 5,8 cm) 

 
 

2,84cm
 
 

 
 

2,26cm
 
 

 
 

NS
 

 
 

KOOS GRADE13

 

 
Grade I    4

Grade II   16
Grade III  17
Grade IV  10

 

 
       2
(8,7%)

5 (21,7%)
9 (39,1%)
7 (30,5%)

 
2  (7,5%)

11 (40,8%)
 8  (29,6%)
 3 (11,1%)

 
 

NS

 
 
 

HEARING LOSS
 

 

 
 

         Grade A  3
Grade B 14 
Grade C 19
Grade D 14

 

 
 

           1
(4,3%)
 4 (17,4%)
10 (43,5%)
 8 (34,8%)

 
 

2 (7,5%)
     10
(37,0%)

9 (33,3%)
6 (22,2%)

 

 
 
 
 

NS 

 
 
 

OTHER
SYMPTOMS

 

 
 

VII cn deficit
V cn deficit 

Ataxia
IX cn neuralgia

Hemiparesis

 
 

            3
(HBII)

            2
(8,7%)

2
1
1

 
 

              0 
             5
(18,5%)

4
0
0

 
 
 

NS 

 SD = standard deviation; cn = cranial nerve;  NS = statistically not significant

Table 2. Relationship between extent of surgical removal and age.
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Extent of resection

 

 
T 

 
NT  

 
ST  

 
Chi-test

re cohort (50 cases) 40 (80,0%) 6 (12,0%) 4 (8,0%)  

 
roup A (23 cases)

 
20 (86,9%)

 
2 (8,7%)

 
1 (4,3%)

 
 

roup B (27 cases) 20 (74,1%) 4 (14,8%) 3 (11,1%)  

 T=total; NT=near-total; ST=sub-total 

Table 3. Adhesion of capsule and tendency of bleeding in the entire series and
in the age-Groups.

 
Entire series (50 cases)

 
Group A
(n=23)

 
Group B
(n=27)

 
Chi-
test

 
Adhesion of capsule to FN and/or

brainstem
 

 
yes 22

(44,0%)
 

no  28
(56,0%)

 
 

 
16 (69,6%)

 
 7  (30,4%)

 
 

 
 6 (22,2%)

 
21 (77,8%)

 
 

 
 

p<,05
 

 
 

Highly vascularized (bleeding) tumors
 

 
yes 21

(42,0%)
 

no  29
(58,0%)

 

 
13 (56,5%)

 
10 (43,5%)

 

 
 8 (29,6%)

 
19 (70,4%)

 
 

p<,01
 
 

 

Table 4.  FN position and results and HP in the entire series and in the age-
Groups.
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                                            Entire series (50

cases)

 
Group A
(n=23)

 
Group B
(n=27)

 
Chi-
test

 
raoperative position and course

of FN:
 AS
ANT
AI

 
 
 

20 (40,0%)
12 (24,0%)
18 (36,0%)

 

 
 
 

 10  (43,5%)
     6  (26,1%)

 7  (30,4%)
 

 
  
 

10 (37,1%)
     6 (22,2%)
11 (40,7%)

 
 

 
 
 
 

p=NS
 

FN results at follow-up: 
HBI
HBII
HBIII
HBIV

 
 

37 (74,0%)
 5 (10,0%)
 6 (12,0%)

            2
 (4,0%)

 

 
 

13 (56,5%)
 3  (13,0%)
 5  (21,7%)

        2
 (8,7%)

 
 

24 (88,9%)
2     (7,4%)
1  (3,7%)

0

 
 

p<,001
 
 

HP (17 cases):
yes
no

 
 

10 (58,8%)
     7  (41,2%)

 

 
 

3/5 (60,0%)
2/5 (40,0%)

 

 
 

7/12 (58,3%)
5/12 (41,7%)

 
 

p=NS
 
 

 


