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Abstract

Background Large vestibular schwannomas (VS) often compress the brainstem and differ in their relation to the internal
auditory canal (IAC); the significance of these radiographic features on postoperative outcomes remains unclear. This study
quantifies the impact of brainstem compression (BSC) and position relative to the IAC on surgical outcomes in VS.
Methods We retrospectively identified 116 patients with sporadic unilateral VS > 3 centimeters (2017-2022). Neurofibro-
matosis 2 cases were excluded. BSC was quantified with MRI T1 post-contrast axial images as the perpendicular distance
from the brainstem-cerebellum to the point of maximal compression. Anterior and posterior IAC extension were measured
relative to a line bisecting the IAC from the porus to fundus. Outcomes included postoperative facial nerve (FN) function,
extent of resection (EOR), and length of stay (LOS).

Results Greater anterior extension was associated with decreased EOR in univariate analysis (OR=1.12, p=0.03), but not
after controlling for tumor size and age (OR=1.09, p=0.158). Greater BSC was associated with worse FN function at 2-3
weeks postoperatively on univariate (OR=1.08, p=0.036) and approached significance on multivariate analysis (OR=1.07,
p=0.08). Posterior extension was associated with increased LOS in univariate (3=217.57 min, p=0.024), but not multivari-
ate analysis. Neither anterior extension nor BSC were associated with LOS. Older age correlated with a lower rate of GTR
and longer LOS in multivariate analysis (EOR: OR=1.05, p=0.003; LOS: =79.84 min, p=0.026).

Conclusion BSC is a radiographic feature that may be associated with short-term FN outcomes. EOR and LOS do not appear
to be influenced by anterior or posterior extension, respectively, but rather appear to be confounded by age. These findings
may inform individualized preoperative counseling and surgical planning for large VS.

Keywords Vestibular schwannoma - Acoustic neuroma + Brainstem compression - Internal auditory canal - Tumor
extension - Outcomes

Introduction

Vestibular schwannoma (VS) is a slow growing benign
tumor commonly arising from the vestibulocochlear nerve
that accounts for ~ 8% of all intracranial tumors [1, 2]. These
tumors are often sporadic and unilateral, originating in the
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significant role [10, 11]. Furthermore, tumor morphological
characteristics such as brainstem compression (BSC) may
be a significant predictor of facial nerve (FN) function [11].

We aimed to quantitatively assess the impact of BSC
and position relative to the IAC on surgical outcomes in
large VS. We hypothesized that increasing axial extension
in the anterior and posterior direction relative to the IAC,
and increasing BSC, would be associated with worse FN
outcome (FNO), lower GTR rates, and longer hospital LOS.

Methods
Patient selection

A retrospective review of a prospectively maintained data-
base of all patients with large VS at a single tertiary care
center in the United States between 2017 and 2022 was
performed. Study protocol approval was obtained from
the institutional review board from the institution, and all
patients gave informed consent for research. Patients were
included for analysis if they had a sporadic, unilateral VS
> 3 centimeters (cm) in any dimension diagnosed through
magnetic resonance imaging (MRI). Patients with tumor
pathology other than VS, neurofibromatosis 2 (NF2), and
prior surgical resection or radiation that may have affected
the brainstem tumor interface were excluded.

37.6 mm

Fig. 1 Annotated T1 MRI illustrating example measurements of BSC
(A), anterior and posterior extension (B). Integers with arrows point-
ing to the associated structures are as follows: P — pons; C — cerebel-
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Data extraction

Age, sex, height, weight, race, ethnicity, smoking status,
tumor size, EOR, and postoperative FN function data were
collected. FN function was reported using House-Brackman
(HB) grading system. EOR was based on intraoperative
findings. GTR was designated when no gross residual tumor.
NTR was defined as the preservation of a thin layer of resid-
ual tumor measuring<1 cm in linear extent as determined
by the senior Neurosurgeon. Residual tumor was left at sites
of maximal adherence, most commonly along the facial
nerve, but also along the brainstem or any other neurovascu-
lar or anatomical structure where the tumor was particularly
adherent and removal risked neurologic dysfunction. STR
was designated when any residual tumor exceeding 1 cm in
linear extent was left behind intraoperatively.

Radiographic analysis

MRI axial T1-weighted post-contrast sequences were used
for measurement. To measure BSC, a line was drawn from
the anteromedial point along the brainstem where there was
no compression to the posterolateral point along the cer-
ebellum where there was no compression. Then, a second
perpendicular line was drawn to the medial most edge of
the tumor to measure the extent of maximal BSC (Fig. 1A).
To measure the degree of anterior-posterior extension of a
tumor relative to the IAC, a baseline was drawn that bisected
the IAC, from the mid-section of the fundus through the
porous acousticus. Anterior and posterior tumor extension

lum; Co — cochlea; IAC — internal auditory canal; M — mastoid; SS
— sigmoid sinus; V — vestibule
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Table 1 Postoperative FN function N (%)

HB grade Postoperative Interval
POD1 2-3 weeks Latest Follow-up*

I 69 (59.5) 63 (54.7) 47 (59.5)

I 20 (17.2) 20(17.2) 12 (15.2)

I 15 (12.9) 5(4.3) 8(0.1)

VI 6(5.2) 7 (6) 3(0.03)

v 2(1.7 7 (6) 3(0.03)

VI 4(3.4) 14 (12.1) 6 (0.08)

NR 37 (46.8)

Legend: FN — facial nerve; HB — House Brackman; PODI — post-
operative day 1; NR — not reported. *Note: Among the patients with
available admit and latest follow-up dates, median follow-up was
13.2 months (interquartile range 4.4-26.6; range 0.3—81.4 months)

was determined by drawing perpendicular lines from this
baseline to the most anterior or posterior extent of the tumor
(Fig. 1B).

Statistical analysis

Continuous variables were summarized with medians,
interquartile ranges (IQRs), and ranges. Categorical fea-
tures were summarized with frequency counts and per-
centages. Univariate logistic regression was performed
to assess associations between patient characteristics and
binary outcomes including EOR (GTR versus non-GTR),
good FN function (HB I-II) versus poor FN function (HB
[II-VI) at multiple timepoints (postoperative day 1, 2-3
weeks postoperatively, and at latest follow-up) (Table 1).
Resection rates were grouped as either GTR or non-GTR
for binary logistic regression for increased statistical power
as the NTR group only had four patients. Continuous lin-
ear regression was used to model hospital LOS in minutes.
Variables with p<0.05 in univariate models were consid-
ered candidate predictors for multivariate analysis. Multi-
variate models were manually constructed based on these

predictors, clinical relevance, best fit using Akaike Infor-
mation Criterion (AIC), and avoidance of multicollinearity.
A predictor-to-event ratio of at least 10:1 for each variable
was met to prevent overfitting the models. P values<0.05
were considered statistically significant. Odds ratios (ORs)
and 95% confidence intervals (Cls) were reported for binary
outcomes; beta (B) estimates and 95% Cls were reported for
the continuous LOS outcome. All confidence intervals were
reported at 95%. Statistical analyses were performed using
the coding language R in RStudio version 2024.12.1.563
(Posit Software, PBC, Boston, MA).

Results

One hundred ninety-six patients were initially identified. Of
these, 80 were excluded due to not meeting inclusion crite-
ria (Fig. 2). One-hundred sixteen patients had VS pathology
> 3 c¢m and were included in the final analysis. 56% (n=65)
patients were female; 44% (n=>51) male. The median age
at the time of surgery was 39.5 years (IQR 32-52 years);
mean age was 42 years (range 977 years). The median age
for GTR patients was 36 years (n=49) whereas the median
age for non-GTR patients was 41 (n=67). Median tumor
maximum linear dimension (MLD) was 37.5 mm (IQR
33.00-42.00); mean tumor MLD was 38.43 mm (range
12.40-80.00). Median BSC was 25.00 mm (IQR 21.00-
29.32); mean BSC was 25.24 mm (range 12.00—43.30).
Median posterior extension was 22.15 mm (IQR 19.18—
25.15); mean posterior extension was 22.46 mm (range
9.00-39.50). Median anterior extension was 10.20 mm
(IQR 8.08-14.13); mean anterior extension was 11.03 mm
(range 4.00-23.00). Median LOS: 3.28 days (IQR 2.58-
4.16); mean LOS: 4.29 days (range 0.68-33.34). Further
demographics are listed in Table 2.

Identification of patients ]

Fig. 2 Flowchart demonstrating

patients identified in database [

for inclusion. Legend: VS — —

vestibular schwannoma; NF2

— neurofibromatosis 2; CN —

cranial nerve. *Other pathology _g

m.dUdes adjacep t fluid COHe.Ction § Patients identified from database
(likely arachnoid cyst) causing b= .

brainstem compression (n=1), E with VS > 3 cm (n=196)

cerebral cavernoma (n=1), =

epidermoid cyst (n=1), glomus
jugulare (n=2); multiple complex

Patients excluded
NF2 (n=10)
Prior surgery and/or radiation
of tumor (n=22)
Meningioma (n=28)
Other CN schwannoma (n=8)
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tumors (n=2), chondrosarcoma
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= Patients included (n=116)
=
—
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Table 2 Summary of patient demographics
N=116 N (%) Median (IQR) Mean (Range)
Demographics

Age (years) 116 39.5(32-52) 42 (9-77)

Sex (F/M) 65/51 (56%/44%)

Weight (pounds) 167.4 (142.2-197.5) 177.1 (83-360)

Height (inches)
BMI (kg/m?)

Underweight<18.5 5(4.3%)
Normal 18.5-24.9 37 (31.9%)
Overweight 25-29.9 39 (33.6%)
Obese>30 35 (30.2%)
Race
AIAN 1 (0.9%)
Asian 13 (11.2%)
Black or AA 2 (1.7%)
NHOPI 0(0)
Other or Mixed 18 (15.5%)
Unknown 2 (1.7%)
White 80 (69%)
Ethnicity
Non-Hispanic 94 (81%)
Hispanic 13 (11.2%)
Hispanic/Latino 9 (7.8%)
Smoking Status
Current Smoker 3 (2.6%)
Former Smoker 19 (16.4%)
Never Smoker 72 (62%)
Never Assessed 22 (19%)

Tumor Characteristics
MLD on MRI (mm)
BSC (mm)

Ant ext to [AC (mm)
Post ext to IAC (mm)
Extent of Resection

GTR 49 (42.2%)

NTR 4 (3.4%)

STR 63 (54.3%)
Surgical Approach

TL 112 (96.5%)

RS 4 (3.5%)

LOS (minutes)

66 (64-69)
26.89 (23.32-30.52)

37.5 (33.00-42.00)
25.00 (21.00-29.32)
10.20 (8.08-14.13)
22.15 (19.18-25.15)

66.44 (54-75)
28.10 (15.14-59.9)

38.43 (12.40-80.00)
25.24 (12.00-43.30)
11.03 (4.00-23.00)
22.46 (9.00-39.50)

4728 (3718-5994) 6181 (982-48004)

Legend: BMI — body mass index; F — female; M — male; AIAN — American Indian or Alaska Native; AA — African American; NHOPI — Native
Hawaiian or other Pacific Islander; MLD — maximum linear dimension; MRI — magnetic resonance imaging; mm — millimeters; BSC — brain-
stem compression; Ant ext — anterior extension relative to the IAC; IAC — internal auditory canal; Post ext — posterior extension relative to the
IAC; GTR — gross total resection; NTR — near total resection; STR — subtotal resection; LOS — hospital length of stay

EOR Outcomes

Forty-nine patients (42.2%) had GTR, 63 (54.3%) had STR,
and 4 (3.4%) had NTR. Greater anterior extension was sig-
nificantly associated with a decreased likelihood of achiev-
ing a GTR in univariate analysis—for each 1 mm increase
in anterior extension, the odds of having a worse resection
(non-GTR) increased by 12% (OR=1.12, 95% CI 1.015-
1.256, p=0.0295) (Table 3). This relationship remained

@ Springer

significant in a partially adjusted multivariate model after
controlling for posterior extension and BSC (OR=1.13,
95% CI 1.019-1.267, p=0.0256); however, this relation-
ship lost significance in a fully adjusted multivariate analy-
sis additionally adjusting for tumor size (OR=1.12, 95% CI
0.997-1.254, p=0.059) and age (OR=1.09, 95% CI 0.968—
1.233, p=0.158) (Table 4). BSC and posterior extension
did not impact EOR in univariate or multivariate analyses
(»>0.05). Older age at the time of surgery was significantly
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associated with higher likelihood of achieving a lower
EOR (i.e., STR or NTR) in univariate (OR=1.05, 95% CI
1.02-1.08, p=0.002) and multivariate models (OR=1.05,
95% CI 1.02-1.08, p=0.003), meaning that each additional
year of age increased the odds of non-GTR by ~5%. Sex,
race, BMI, ethnicity, smoking status were not associated
with EOR in univariate or multivariate analyses (p>0.05)
(Tables 3 and 4).

Hospital LOS outcomes

Univariate analysis demonstrated no significant association
between BSC and anterior extension on LOS (p=0.111 and
p=0.151, respectively), and no significant association in
multivariate analysis (p>0.05). Univariate analysis dem-
onstrated a statistically significant relationship between
posterior extension and LOS (B=0.15 days; 95% CI 0.02—
0.28 days, p=0.024) (Table 3). After controlling for tumor
dimensions and patient level characteristics, this associa-
tion attenuated (p=0.04 days, 95% CI -0.17-0.26, p=0.22)
(Table 4).

Age, ethnicity, race and BMI were each significantly asso-
ciated with longer LOS in univariate analysis (age: =0.062
days, 95% CI 0.015-0.11 days, p=0.011; ethnicity: B=2.94
days, 95% CI 1.204.69 days, p=0.001; mixed/other race:
B=3.91 days, 95% CI 2.00-5.82 days, p<0.0001; BMI:
B=1.64 days, 95% CI 0.11-3.17 days, p=0.036) (Table 3).
In the fully adjusted multivariate model, older age (B=0.056
days, p=0.026), other/mixed race (=2.66 days, p=0.026),
and ethnicity (B=1.18 days, p=0.009) remained indepen-
dently associated with increased LOS (Table 4).

FN function outcomes

Median follow-up for FN function was 13.2 months (IQR
4.4-26.6; range=0.3—-81.4 months). Greater BSC was signif-
icantly associated with being in a poor HB grade (I1I-VI) at
2-3 weeks postoperatively in univariate analysis (OR=1.08,
95% CI 1.01-1.16, p=0.04) and failed to reach significance
in multivariate analysis after controlling for tumor size and
anterior extension (OR=1.08, 95% CI 0.99—1.18, p=0.08).
Anterior extension, posterior extension, tumor size and age
were not associated with FN function at any time points on
univariate analysis (Table 3). On multivariate analysis, ante-
rior extension, tumor size and BSC were not associated with
FN function at any time points (Table 4).

Discussion

In this study, we assessed how degree of BSC and anterior
and posterior tumor extension relative to the IAC impact
surgical outcomes in patients with large VS. Our analysis
showed that greater anterior extension was significantly
associated with a decreased likelihood of achieving GTR
in univariate analysis, although this association lost signifi-
cance after adjusting for covariates. Greater anterior exten-
sion was not significantly associated with postoperative FN
function or LOS. Univariate analysis showed a significant
relationship between greater posterior extension and longer
LOS; however, on multivariate analysis this relationship was
attenuated, and these initial results were likely confounded
by age and patient level characteristics. Posterior extension
did not demonstrate any significant correlation to EOR or
postoperative FN function. Greater BSC was significantly
associated with worse HB grade at 2-3 weeks postopera-
tively in univariate analysis, and failed to reach significance
on multivariate analysis after controlling for tumor size and
anterior extension. BSC was not correlated with any other
outcome variables including EOR, immediate FN function
postoperatively, FN function at the latest follow-up or LOS.

Age was the only predictor that was significantly associ-
ated with EOR and LOS in both univariate and multivariate
analyses. LOS was also impacted by ethnicity and race in
univariate and multivariate analyses.

EOR

Anterior and posterior tumor extensions relative to IAC
have been reported as possible predictors of EOR [10, 12,
13]. Our study revealed that greater anterior extension was
associated with a decreased chance of GTR in univariate
analysis. After controlling for BSC and posterior extension,
this relationship remained significant, but lost significance
after adjusting for tumor size and age. This finding contrasts
with previous research. In an article published by Wong
et al. [10] investigating 206 patients with VS, the authors
reported that anterior tumor extension was a significant pre-
dictor of EOR in univariate analysis [10]. Another study by
Manzoor et al. [12] found that greater anterior tumor exten-
sion was not only associated with STR but also with a higher
likelihood of tumor regrowth and a shorter time to salvage
therapy. Given the anatomy of the facial nerve which usu-
ally runs anterior to the tumor, greater anterior tumor exten-
sion results in greater displacement of the nerve, distorting
the nerve-tumor interface and complicating gross tumor
removal without damaging the nerve [12]. We hypoth-
esize that this may lead to lesser EOR, as suggested by our
analysis. EOR is complex and influenced by both tumor-
specific characteristics (i.e., location, consistency, degree of
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adherence to adjacent neurovasculature) and patient-level
factors (i.e., age, intraoperative technologist positioning).
Patient-level factors may partially account for variability
observed in EOR.

In contrast, posterior tumor extension was not identified
as a significant predictor of EOR in our study. Although
Wong et al. [10] reported a significant association between
posterior extension and EOR, this relationship was not as
robust as the one between anterior tumor extension and
EOR, suggesting that posterior extension may be less criti-
cal in determining the EOR, possibly due to fewer critical
adjacent structures.

Unlike previous reports that associate BSC with reduced
GTR rates [10, 12, 14], our analysis did not find a significant
relationship between BSC and EOR in both univariate and
multivariate models. An article from 2024 reported a sig-
nificant association between peduncular compression and
EOR when analyzing all cases, yet notably, this association
was not observed in their subgroup of patients with large
tumors (> 3 cm) [14]. Taken together, these findings may
suggest that in cases of large tumors with significant BSC,
surgeons may have greater difficulty in achieving GTR due
to a lack of a clear plane between the tumor and surrounding
structures in the setting of tumor capsule adherence to the
peduncle, brainstem, or FN [14, 15].

While many studies consistently demonstrate a signifi-
cant correlation between larger tumor size and the likeli-
hood of NTR/STR [11, 16-19], our study found that tumor
size was not significantly associated with EOR (p = 0.084).
This contradiction can be explained our inclusion criteria,
which limited our study to tumors > 3 c¢cm. Grahnke et al.
[13] included tumors > 2.5 cm, reporting that patients with
larger tumors were more prone to have STR, documenting
a mean maximum extracanalicular tumor diameter of 3.68
cm in STR versus 3.26 cm in GTR [13]. It may be implied
that once a certain metric threshold is reached, its impact on
EOR may be negligible.

Older age at the time of surgery emerged as a signifi-
cant predictor of EOR, increasing the likelihood of NTR/
STR in both univariate and multivariate models, which is
congruent with the literature, indicating that surgeons opt
to be less aggressive in older patients compared to younger
populations [10, 16, 17, 20]. At our center, younger patients
may merit more aggressive tumor removal to avoid the need
for more aggressive future treatment. On the other hand, we
may be more conservative in elderly patients wherein the
risk of needing further treatment with near or subtotal resec-
tion is very low.

The overwhelming percentage of approaches were trans-
labyrinthine (TL) which reflects our institutional practice
for large VS (> 3 cm) (Table 1). The TL approach offers an
excellent anatomical view of the CPA and a direct approach
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to VS with high rates of FN preservation [21]. At our insti-
tution, the TL approach is performed in conjunction with
a senior Neurosurgeon and senior Otolaryngologist pres-
ent, thereby potentially limiting generalizability to other
institutions. Further studies incorporating different surgi-
cal approaches may help further delineate the interaction
between surgical approach, tumor anatomy and EOR.

LOS

Several demographic factors demonstrated associations with
LOS. Similar to other studies [22, 23], age was a significant
predictor of longer LOS in both univariate and multivari-
ate models. In the multivariate model, every 1-year increase
in age was associated with an additional ~ 0.06 days (~ 80
min) longer LOS. Similar to findings from O’Connell et al.
[24], patients with obesity had a significantly longer LOS by
~ 1.64 days in univariate analysis, but after controlling for
age, ethnicity, race, and tumor dimensions this relationship
was non-significant. Previous studies have evaluated how
frailty, as measured by the modified frailty index, indepen-
dently influences discharge disposition and LOS beyond age
alone, with higher frailty associated with increased LOS and
perioperative complications in VS patients [25, 26]. Frailty
could not be evaluated in the present study due to absence
of standardized frailty metrics, but remains an important
patient-level factor that should be incorporated into surgical
risk stratification in future studies.

Race and ethnicity were significant predictors of LOS in
univariate and multivariate analyses, with other/mixed race
patients having a longer LOS by ~ 2.65 days compared to
white patients, and ~ 1.18 days compared to non-Hispanic
patients. A study by Cutri et al. [27] examined how racial
and socioeconomic status influence VS presentation and
found that Hispanic/Latino individuals were significantly
more likely to have worse hearing status and larger tumor
size compared to white patients. Studies have shown that
individuals with lower socioeconomic status face barriers
to accessing healthcare, which may delay VS diagnosis and
result in more complex pathology and larger tumor size,
resulting in longer LOS [28-30].

Tumor size—and its effect on LOS—has mixed find-
ings in the literature. Vorasubin et al. [22] found no effect of
tumor size or surgical approach on LOS in a cohort of 288
patients with VS, whereas Visagan et al. [31] did, specifi-
cally for tumors between 31 and 40 mm. Another study by
Sanna et al. [32] found a much higher incidence of postop-
erative complications in tumors > 30 mm, resulting in lon-
ger LOS compared to patients with smaller tumors [32]. Our
findings align with Vorasubin et al. [22] whereby no sig-
nificant association between tumor size and LOS was found.
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It has been reported that females may experience a longer
LOS compared to men due to a higher prevalence of vertigo
and dizziness [22]; however, we did not find any signifi-
cant relationship between sex and LOS. On average, males
had a longer LOS compared to females by ~ 0.82 days (~
19 h and 38 min), but this relationship was not statistically
significant.

Taken together our findings suggest that age is the most
robust predictor of LOS, and that race, ethnicity and obesity
may reflect underlying disparities in access to care and dis-
ease severity at presentation. The lack of robust association
between tumor morphology and LOS indicate patient spe-
cific characteristics, such as frailty may more directly drive
LOS.

FN function

Numerous studies have examined various preoperative pre-
dictors of postoperative FNO. Larger tumor size has been
consistently shown to carry a higher risk of FN dysfunction,
both immediately and at long-term postoperative follow-
ups [11, 33-35]. This may be because larger tumors have a
broader nerve-capsule interface and thus a higher likelihood
of stretch injury [11, 36, 37]. For instance, in a study of 400
patients with VS > 2.5 cm, Schwartz et al. [38] reported a
significant difference in mean tumor size in patients with
poor FNO compared to those with good FNO (3.4 vs. 3.1
cm). However, we found that tumor size was not a sig-
nificant predictor of FNO at any postoperative time point.
These contradictory findings are likely due to our inclusion
of only large VS > 3 c¢m, and our surgical philosophy priori-
tizing functional preservation.

It is not known whether it is purely tumor size or the spe-
cific anatomical direction of tumor growth that determines
FN injury risk. Anterior tumor extension is a particularly
critical factor, since in most tumors, the FN lies anteri-
orly; therefore, as the tumor grows anteriorly, it displaces,
stretches, and distorts the nerve, making it vulnerable
to injury during dissection [10, 11]. In our study, ante-
rior extension was not found to be significant predictor of
FNO at any timepoint, which contradicts other studies who
reported a significant correlation between FNO and anterior
extension [10, 11, 13, 33, 39, 40]. For instance, Grahnke et
al. [13] reported a 16% increased likelihood of a worse HB
score for every 1 mm increase in anterior tumor extension.
The inconsistency with the literature could again be influ-
enced by our surgical emphasis on functional preservation.

Other studies have reported no correlation between pos-
terior tumor extension and worse FNO, findings that align
with our study [13, 33, 40]. Therefore, tumors that predomi-
nantly extend posteriorly relative to the IAC could be con-
sidered lower FN risk [13]. This is supported by Hobson et

al. [33], whereby a greater posterior to anterior extension
ratio was reported in patients with good FNO compared to
those with poor outcome postoperatively.

The impact of BSC on postoperative FNO has yielded
variable results across different studies [10-14]. In our
cohort, BSC approached a significant relationship with
worse FNO immediately post-surgery. Notably, at 2-3
weeks postoperatively, BSC was found to be associated with
poor HB grade in univariate analysis but failed to reach sig-
nificance in multivariate analysis after controlling for tumor
size and anterior extension (p = 0.08). BSC was not associ-
ated with FNO at the latest follow-up (median 13.2 months).
This aligns with Perkins et al. [11], who observed that at 2—3
weeks postoperatively, BSC, along with larger tumor vol-
ume and greater ventral extension, was associated with poor
FNO. However, this significance was lost at 1-year follow-
up, suggesting a potential transient impact of BSC on FNO,
a finding similar to Perkins et al. [11]. Moreover, Tai et al.
[14] reported that despite being significantly associated in
medium-sized tumors (15-30 mm), peduncular compres-
sion was not observed to be related with unfavorable FNO
in larger tumors (> 30 mm) immediately postoperatively
and at last follow-up. Peritumor brainstem edema in the
CPA occurs in approximately half of patients with large VS,
and is associated with worse preoperative hearing, lower
rates of GTR and higher rates of postoperative vestibular
dysfunction [41]. While this study was focused on discrete
linear tumor measurements, anticipated surgical challenges
corresponding to brainstem edema should inform preopera-
tive counseling with respect to EOR goals and postoperative
recovery expectations.

Limitations

This is a retrospective study that lacks a control group
thereby limiting direct comparisons. Certain predictors
and outcomes were subject to small sample sizes, limiting
robust conclusions. For example, 37 of 116 patients had no
record of long-term postoperative FN function. This could
underestimate post-operative FNO and lead to attrition
bias. Lastly, this a single institutional study involving two
surgeons, limiting the generalizability of this study. How-
ever, this is arguably a strength of the study, as removing
variation in surgical practice allows for isolated study of
radiographic features as analyzed in this study. Addition-
ally, measures of frailty were not available in the medical
records and therefore could not be assessed as a covariate
in our models. Given the association between frailty, age,
and surgical morbidity, future studies should incorporate
standardized frailty metrics to better characterize patient
risk factors to guide surgical decision-making. Lastly, EOR
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is based on intraoperative subjectivity of the senior neuro-
surgeon, thereby potentially limiting the generalizability of
these results.

Conclusion

Greater BSC may be associated with transient short-term
FNO. EOR and LOS do not appear to be influenced by ante-
rior or posterior extension, respectively, but rather, appear to
be confounded by age. Tumor morphology may play a role
in outcome prediction and could inform surgical decision-
making. Surgical planning should integrate radiographic
and patient-level characteristics to optimize management of
large VS.
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