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Objective: To investigate characteristics of pediatric sporadic (non-NF2) vestibular schwannoma (VS), we
compare outcomes of sporadic adult-type vestibular schwannoma which were size- and location-matched cohort.
Study design: Single-institution retrospective matched case—control study.

Methods: Pediatric patients (<21 years) with sporadic unilateral VS and > 15 months of follow-up were identified
and each matched 1:2 to adult patients (>21 years) by tumor size and location. The primary outcome was tumor
control (stable vs recurrence/regrowth requiring treatment). Outcomes within the pediatric cohort were further
analyzed for age-related differences.

Results: Nine pediatric patients were matched to 18 adult controls. Baseline characteristics and presenting
symptoms were similar. Gross total resection was achieved in 44% of children and 22% of adults (P = 0.071).
Tumor control differed significantly: recurrence/regrowth occurred in 44% of children versus 6% of adults (P =
0.005). Within the pediatric group, patients with recurrence were younger (13.8 &+ 2.8 vs 17.6 + 2.6 years; P =
0.043). Using a 14-year cutoff, three of four recurrences (75%) occurred in children <14 years versus none in
older children (P = 0.048).

Conclusions: Children, particularly those under 14 years, experienced significantly poorer tumor control after
surgery for sporadic VS compared with adults, despite similar tumor size and location. The higher recurrence and
regrowth rates observed in the pediatric cohort suggest that a more aggressive treatment and surveillance
approach may be warranted.

1. Introduction

Vestibular schwannoma (VS), also known as acoustic neuroma, is a
benign tumor of the vestibulocochlear nerve that typically arises in the
internal auditory canal and extends into the cerebellopontine angle [1].
In adults, most cases are sporadic and unilateral, presenting in midlife
with hearing loss or tinnitus, with an incidence of 1-2 per 100,000 and
earlier detection in recent years due to widespread MRI use [2,3].

By contrast, sporadic VS in the pediatric population is extremely
rare, accounting for only 0.8% of intracranial tumors in children, since
most pediatric cases occur in the context of neurofibromatosis type 2
(NF2) [4,5]. Case series confirm that truly sporadic pediatric VS (SPVS)
without NF2 features are exceptional [6-9]. Children frequently expe-
rience diagnostic delays, often presenting with advanced disease, larger
tumors, and symptoms of mass effect such as hydrocephalus and
brainstem compression [4,6,8,10]. Some studies suggest that pediatric

tumors may also demonstrate more rapid growth compared to adult VS
[5,9].

Microsurgical resection is the mainstay of treatment for sporadic VS.
Pediatric series show that gross total resection (GTR) provides durable
tumor control, whereas subtotal resection (STR) almost always leads to
regrowth [4,6,7]. Adult studies confirm this pattern, with STR carrying a
markedly higher recurrence risk [11]. Current pediatric strategies
therefore emphasize maximal safe resection and close MRI follow-up
when STR is unavoidable [1,4,5,8,12,13]. Despite this, no study has
directly compared pediatric and adult sporadic VS in a matched analysis.
The present study addresses this gap by evaluating tumor control and
surgical outcomes in pediatric patients and matched adult controls with
similar tumor size and location.
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2. Methods

This study was designed as a retrospective cohort analysis performed
at Severance Hospital, Seoul, and included patients who underwent
surgical resection of vestibular schwannoma (VS) between January
2000 and December 2024. The study protocol was approved by the
institutional review board, and the requirement for informed consent
was waived due to the retrospective nature of the work (IRB no. 4-2020-
1352).

Eligible pediatric patients were defined as those aged 21 years or
younger at the time of surgery with sporadic unilateral VS, consistent
with prior pediatric VS series [2,4,8,9,13]. To ensure adequate obser-
vation, only patients with a minimum of 15 months of clinical and
radiological follow-up were included. Patients with NF2, those with a
history of prior surgery or radiosurgery at another hospital, and those
lost to follow-up or followed for fewer than 15 months were excluded.
Nine pediatric patients fulfilled these criteria. For comparison, we
identified adult patients (aged over 21 years) with sporadic unilateral VS
who underwent surgery during the same period. Each pediatric case was
matched with two adult patients based on tumor size and location as
determined by preoperative MRI and operative records, yielding a 1:2
matched cohort design.

Clinical information was obtained retrospectively from hospital
charts, operative notes, and radiological records. Demographic variables
included age, sex, and tumor side. Presenting features were extracted,
with particular attention to hearing loss, tinnitus, and imbalance or
vertigo, as well as the interval from the first radiologic diagnosis to
surgery. Tumor characteristics were documented according to preop-
erative MRI, including the largest tumor diameter and anatomical
location, together with the descriptive “type” recorded in the charts
(vestibule, facial nerve, or acoustic schwannoma). Operative details
included the surgical approach and the extent of resection, classified as
gross total or subtotal according to the operative report and/or early
postoperative imaging. Follow-up data encompassed both clinical
evaluations and serial MRI studies, with the total duration of post-
operative surveillance calculated from the date of surgery.

Outcomes of interest were tumor control, defined as radiographic
stability without need for further intervention, and tumor progression,
defined as radiographic regrowth or and the requirement for additional
treatment. Secondary outcomes included preoperative hearing level
graded according to the American Academy of Otolaryngology-Head
and Neck Surgery (AAO-HNS) classification, facial nerve function
assessed by the House-Brackmann (HB) grading system before and after
surgery, the need for second treatment (revision surgery or radio-
therapy), and any treatment-related complications when recorded
[14-16].

All statistical analyses were performed to compare pediatric and
adult cohorts. Continuous variables were summarized as means with
standard deviations or medians with interquartile ranges, as appro-
priate, and compared using parametric or nonparametric tests. Cate-
gorical variables were expressed as counts and percentages and
compared using Fisher's exact or chi-square tests. A two-sided p value
<0.05 was considered statistically significant. Analyses were conducted
using SPSS 23.

3. Results
3.1. Pediatric vs. adult cohort comparison

Nine pediatric patients were matched with 18 adult controls by
tumor size and location. The mean age was 14.8 + 2.4 years in children
and 54.9 + 13.3 years in adults. Sex distribution (M:F 3:6 vs 6:12) and
tumor laterality (R:L 5:4 vs 9:9) were comparable. Presenting symptoms
were similar, with hearing loss present in all children and in 17 of 18
adults, tinnitus in all children and 15 adults, and imbalance in 3 children
versus 10 adults (all P > 0.05). The anatomical nerve of origin did not
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differ between groups (Table 1).

Extent of resection was gross total in 4 children (44.4%) and 4 adults
(22.2%), with the remainder undergoing subtotal resection (P = 0.071).
Time from first radiologic diagnosis to surgery was shorter in children
(9.3 + 5.7 months) than adults (16.3 + 4.1 months), though not sig-
nificant (P = 0.32). Mean follow-up was 41.0 + 12.2 months in children
and 54.4 4 12.9 months in adults (P = 0.13) (Table 1).

Preoperative serviceable hearing (AAO-HNS A-B) was present in 2 of
9 children (22.2%) compared to 11 of 18 adults (61.1%), a difference
that did not reach statistical significance (P = 0.084). Facial nerve
function at presentation was good (HB I-II) in 8 children and 15 adults,
with one severe palsy in each group (P = 0.65). Postoperatively, good
facial function (HB I-II) was maintained in 6 children (66.7%) and 11
adults (61.1%), with the remainder demonstrating moderate dysfunc-
tion (HB III-IV); no patient in either group had HB V-VI at follow-up (P =
0.756) (Table 1).

Tumor control differed significantly between groups. Stable disease
was achieved in 5 children (55.6%) compared with 15 adults (94.1%),
whereas progression or recurrence occurred in 4 children (44.4%)
versus 1 adult (5.9%) (P = 0.005). Among children with recurrence, 2
underwent repeat surgery and 2 received salvage radiotherapy. The
single adult recurrence was managed with radiation (Table 2, Fig. 1a, b).

3.2. Pediatric subgroup analysis

Within the pediatric cohort, four patients developed tumor recur-
rence or regrowth and five remained stable during follow-up. Children
with recurrence were significantly younger at surgery compared with
those with stable disease (13.8 + 2.8 vs 17.6 + 2.6 years; P = 0.043). To
further explore this finding, patients were stratified by age 14 years, a
threshold corresponding to the approximate median of the cohort and
the transition into mid-adolescence. Three of the four children with
recurrence (75%) were younger than 14 years, whereas none of the five
children with stable disease fell into this age group (P = 0.048). Tumor
size at presentation was larger in the recurrence group (23.7 + 14.4 vs
14.0 £+ 10.4 mm), although this difference was not significant (P = 0.3).
Follow-up duration was also similar between groups (39.2 + 15.1 vs
42.4 £+ 11.0 months; P = 0.5) (Table 3).

4. Discussion

VS are exceedingly rare in children, constituting only about 2% of

Table 1
Demography and symptoms, and tumor parameters.
Children Adults
N 9 18
Age, y (sd) 15.9 (3.2) 54.9 (13.3)
Gender M:F 3:6 6:12
Side R:L 5:4 9:9
Symptoms
Hearing loss (%) 9 (100) 17 (87.5)
Tinnitus (%) 9 (100) 15 (94.49)
Imbalance (%) 3(33.3) 10 (55.5)
Tumor parameters
Location\type
Labyrinth 1 2
FN 1 2
Vestibular schwannoma 7 14
Size, mm (SD) 16.67 16.67
(13.35) (13.35)
AAO-NHS hearing scale
Serviceable hearing (A-B) before 2 (28.5) 11 (61.1) p=
surgery, (%) 0.084
HB facial nerve grading
Before surgery, good-moderate 8 (0.88) 17 (94.4) P=0.61
function (I-1II), (%)
After surgery, good-moderate 7 (0.77) 12 (66.6) P=0.55

function (I-1I1), (%)
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Table 2
Extent of resection, time to surgery, follow-up duration, and tumor control.
Children Adults P-value
Extent of resection

Sub-total 5 (55.6%) 14 (77.8%)

Total 4 (44.4%) 4 (22.2%) 0.071
Time to surgery, months (SD) 9.3(5.7) 16.3 (4.1) 0.32
Follow-up after, months (SD) 41 (37.2) 54.4 (12.9) 0.13
Tumor control rate - Stable 5 (55.6%) 15(94.1) p = 0.005

Note: Values in bold indicate statistically significant differences between groups
(p < 0.05).

posterior fossa tumors but representing the majority (40-86%) of cer-
ebellopontine angle lesions, a distribution pattern comparable to that
seen in adults [2,4,5,8,10]. The vast majority of pediatric VS are asso-
ciated with NF2 [4,5,7,9,11], whereas SPVS account for only a very
small minority. Mazzoni et al. reported that SPVS represent approxi-
mately 2% of all VS across age groups, underscoring the exceptional
rarity of this entity [6].

In this size- and location-matched comparison of SPVS versus adults,
the principal finding in the pediatric group is a markedly lower rate of
postoperative tumor control in the pediatric cohort. Despite similar
baseline characteristics, recurrence or regrowth occurred in 44.4% of
children compared to 5.9% of adults (P = 0.005), highlighting a clini-
cally meaningful difference that is not explained solely by tumor size or
location (Fig. 2).

Within the pediatric group, younger age emerged as an adverse
marker. Children with recurrence were significantly younger at surgery,
and when stratified by a 14-year cutoff, three of four children with
recurrence (75%) were under 14 years, whereas none in the stable group
fell below this threshold. Tumor size and follow-up duration did not
differ significantly between outcomes, suggesting that age itself may
influence tumor behavior. Similar signals have been observed in pedi-
atric case series and meta-analyses, which have noted that younger
children may present with larger tumors, faster growth, and more
aggressive clinical courses [1,4,5,8,9,14].

Our findings align with prior literature demonstrating that subtotal
resection (STR) in pediatric VS is associated with high rates of regrowth.
Several series reported regrowth in nearly all children following STR,
whereas gross total resection (GTR) provided durable tumor control
[1,4,6,7,13]. Malina et al., in their systematic review, emphasized the
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importance of complete resection whenever feasible, given the vulner-
ability of pediatric residual tumors [5]. Moreover, pediatric data
showing higher recurrence and regrowth rates compared with adults
suggest that a more aggressive treatment approach may be warranted in
this population [5]. This trend may also have a biological basis beyond
surgical factors. Zhang et al. reported that pediatric patients demon-
strated significantly higher Ki-67 proliferation indices than adults [17].
Such elevated Ki-67 levels have not typically been observed in adult
cohorts [18]. Although molecular analysis was not performed in the
present study, these clinical outcomes imply that pediatric VS may
harbor distinct biological characteristics. Potential factors could include
aggressive genetic variants, undetected genetic mosaicism, or an upre-
gulated expression of growth factors that drive rapid turnover, unlike
the indolent course often seen in adults. These findings collectively
support the concept that age-related biological factors contribute to the
more aggressive course observed in pediatric VS and highlight the need
for future molecular studies [18-22].

From a clinical perspective, these findings underscore several points.
First, counseling for pediatric families particularly when the patient is
younger than 14 years should emphasize the elevated risk of post-
surgical progression and the potential need for salvage therapy [16].
Second, maximal safe resection should be the surgical goal in children,
as facial nerve outcomes were similar between groups, indicating that
aggressive resection need not compromise function when performed in
experienced centers [15]. Finally, younger pediatric patients may war-
rant closer MRI surveillance in the early years after surgery, given their
higher recurrence risk.

Despite its strengths, this study also carries some limitations. It is a
single-institution, retrospective study, and although SPVS are

Table 3
Subgroup analysis of pediatric patients with sporadic vestibular schwannoma by
tumor control outcome.

Children Rec\growth (n = 4) Stable (n = 5) P-value
Age, y (SD) 13.8 (2.8) 17.6 (2.6) 0.043
Age < 14y 3 (75%) 1 (20%) 0.048
Tumor size 19.2 (18.3) 14 (10.4) 0.5
Follow-up duration 39.2 (15.1) 42.4 (11.0) 0.5

Note: Values in bold indicate statistically significant differences between groups
(p < 0.05).

1a. Before surgery

1B. After surgery

Fig. 1. Pre- and postoperative MRI of an 18-year-old female with a 45-mm vestibular schwannoma, demonstrating tumor regrowth.
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2a. Before surgery

2B.After surgery

Fig. 2. Pre- and postoperative MRI of an 11-year-old female with a 17-mm vestibular schwannoma, demonstrating complete resection without recurrence.

exceedingly rare and ours is among the largest reported series of spo-
radic cases [1,4-7] the absolute numbers remain relatively low, which
limits statistical power. Furthermore, while all pediatric patients had at
least 15 months of follow-up, the adult cohort had longer surveillance on
average, which could bias toward detecting more recurrences in adults
rather than fewer. Larger multi-institutional cohorts will be necessary to
validate the age effect and refine treatment strategies.

5. Conclusion

This matched analysis—the first to directly compare pediatric and
adult sporadic vestibular schwannoma of similar size and loca-
tion—demonstrates that children, particularly those under 14 years,
experience significantly poorer tumor control after surgery compared
with adults. Taken together with prior pediatric series [1,4-7], our data
support maximal safe resection and vigilant postoperative surveillance,
especially in younger patients.
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