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OBJECTIVE Koos grade 4 vestibular schwannoma (KG4VS) is a large tumor that causes brainstem displacement

and is generally considered a candidate for surgery. Few studies have examined the relationship between morphologi-
cal differences in KG4VS other than tumor size and postoperative facial nerve function. The authors have developed

a landmark-based subclassification of KG4VS that provides insights into the morphology of this tumor and can predict
the risk of facial nerve injury during microsurgery. The aims of this study were to morphologically verify the validity of
this subclassification and to clarify the relationship of the position of the center of the vestibular schwannoma within the
cerebellopontine angle (CPA) cistern on preoperative MR images to postoperative facial nerve function in patients who
underwent microsurgical resection of a vestibular schwannoma.

METHODS In this paper, the authors classified KG4VSs into two subtypes according to the position of the center of the
KG4VS within the CPA cistern relative to the perpendicular bisector of the porus acusticus internus, which was the land-
mark for the subclassification. KG4VSs with ventral centers to the landmark were classified as type 4V, and those with
dorsal centers as type 4D. The clinical impact of this subclassification on short- and long-term postoperative facial nerve
function was analyzed.

RESULTS In this study, the authors retrospectively reviewed patients with vestibular schwannoma who were treated
surgically via a retrosigmoid approach between January 2010 and March 2020. Of the 107 patients with KG4VS who met
the inclusion criteria, 45 (42.1%) were classified as having type 4V (KG4VSs with centers ventral to the perpendicular
bisector of the porous acusticus internus) and 62 (57.9%) as having type 4D (those with centers dorsal to the perpen-
dicular bisector). Ventral extension to the perpendicular bisector of the porus acusticus internus was significantly greater
in the type 4V group than in the type 4D group (p < 0.001), although there was no significant difference in the maximal
ventrodorsal diameter. The rate of preservation of favorable facial nerve function (House-Brackmann grades | and Il)
was significantly lower in the type 4V group than in the type 4D group in terms of both short-term (46.7% vs 85.5%, p <
0.001) and long-term (82.9% vs 96.7%, p = 0.001) outcomes. Type 4V had a significantly negative impact on short-term
(OR 7.67, 95% Cl 2.90-20.3; p < 0.001) and long-term (OR 6.05, 95% CI 1.04-35.0; p = 0.045) facial nerve function after
surgery when age, tumor size, and presence of a fundal fluid cap were taken into account.

CONCLUSIONS The authors have delineated two different morphological subtypes of KG4VS. This subclassification
could predict short- and long-term facial nerve function after microsurgical resection of KG4VS via the retrosigmoid ap-
proach. The risk of postoperative facial palsy when attempting total resection is greater for type 4V than for type 4D. This
classification into types 4V and 4D could help to predict the risk of facial nerve injury and generate more individualized
surgical strategies for KG4VSs with better facial nerve outcomes.
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ANAGEMENT options for vestibular schwannoma
M (VS), the most common benign tumor in the cer-

ebellopontine angle (CPA), include observation-
al wait and scan, microsurgical resection, and/or stereo-
tactic radiosurgery.! The goals of these treatments for VS
are to achieve tumor control and to preserve neurological
function.? Although resection is the only curative option,
it may place the facial nerve at greater risk of injury than
the other treatment options.'*# In the modern era, there
have been remarkable improvements in the outcomes of
not only microsurgery for VS but also stereotactic radio-
surgery."5-8 Therefore, the surgical strategy has been shift-
ing to less radical resection with the aim of optimal pres-
ervation of facial nerve function, that is, subtotal resection
followed by stereotactic radiosurgery or stereotactic ra-
diosurgery without resection.’-'* However, these strategies
require ongoing attention to regrowth from the residual
tumor over time, especially in younger patients, because of
insufficient knowledge about the long-term prognosis.'*-"
The ability to predict the difficulty of preserving facial
nerve function in advance of surgery would be clinically
worthwhile when planning appropriate treatment strate-
gies, selecting appropriate candidates for surgery when
aiming for complete resection, and counseling patients
before treatment. We have previously reported that the
presence of a fundal fluid cap on preoperative MRI, that
18, CSF in the lateral end of a VS within the internal audi-
tory canal (IAC), predicts long-term facial nerve function
after resection of VS.!® However, this alone is insufficient
to predict the risk of facial nerve injury during resection of
the extrameatal components, which represent the majority
of large VSs.

There is a general consensus that tumor size is a predic-
tor of facial nerve function after resection of VS.*? The
Koos classification system for VS has been widely used
and has been a reliable grading scale based on the ex-
trameatal extent of the tumor.2?2 Unquestionably, patients
with Koos grade 4 VS (KG4VS), which is a large tumor
that causes brainstem displacement, are candidates for
surgery. In theory, a KG4VS is associated with a greater
risk of postoperative facial palsy than a lower-grade VS.
However, the Koos classification cannot predict postop-
erative facial nerve function.” The mechanism underpin-
ning this discrepancy might be morphological differences
within KG4VSs other than tumor size. Several studies
have found that a greater extension and proportion of the
tumor anterior to the IAC are negative predictors of post-
operative facial nerve function.?*?

For a KG4VS with more ventral than dorsal extension
relative to the IAC, the center of the tumor would be more
ventral than the TAC. Accordingly, we hypothesized that
facial nerve function after VS resection would be worse
in patients with KG4VS in whom the center of the tumor
within the CPA cistern is ventral to the IAC than in those
with KG4VS in whom the center of the tumor within the
CPA cistern is dorsal to the IAC. We proposed a landmark-
based subclassification of KG4VS based on our hypoth-
esis, bringing insights into tumor morphology to make the
most of the Koos classification and to predict the risk of
facial nerve injury during microsurgery. The aims of this
study were to morphologically verify the validity of the
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subclassification of KG4VS and to clarify the relationship
between our subclassification of KG4VS on preoperative
MR images and postoperative facial nerve function in pa-
tients who underwent microsurgical resection of VS.

Methods
Study Patients

In this study, we retrospectively reviewed 195 consecu-
tive patients with VS who were treated surgically via a
retrosigmoid approach by the same senior skull base neu-
rosurgeon (E.K.) at our institution between January 2010
and March 2020. The following inclusion criteria were ap-
plied: newly diagnosed sporadic VS without neoadjuvant
stereotactic radiosurgery; age = 18 years; postoperative
follow-up duration = 1 month; and KG4VS determined by
two investigators (Y.F. and Y.U) in agreement. Twenty-
eight patients were excluded because of neurofibromatosis
type 2 (n = 13), recurrence (n = 7), stereotactic radiosur-
gery performed before surgery (n = 5), age < 18 years (n
=2), and loss to follow-up within 1 month after surgery (n
= 1), as were 60 patients with Koos grade < 3 (grade 1, n
= 2; grade 2, n = 24; grade 3, n = 34). Supplemental Fig. 1
shows the patient selection process.

The study was approved by the Kobe University Hos-
pital Institutional Review Board and was conducted in ac-
cordance with institutional and national ethics guidelines
and the Declaration of Helsinki. The need for informed
consent was waived in view of the retrospective observa-
tional nature of the research.

Subclassification of KG4VS

In total, 107 KG4VSs were classified into two types
according to the position of the center of the VS within
the CPA cistern on preoperative MR images. For subclas-
sification, we designated the perpendicular bisector of
the porus acusticus internus, which was perpendicular to
the petrous edge, as the landmark for subclassification of
KG4VS. The center of the VS was defined as the intersec-
tion of the maximum ventrodorsal diameter parallel to the
petrous edge and the maximal mediolateral diameter par-
allel to the perpendicular bisector of the porus acusticus
internus (Fig. 1A). Finally, KG4VSs with centers that were
ventral to the perpendicular bisector of the porus acusticus
internus were classified as type 4V (Fig. 1B and C), and
those with centers that were dorsal to the perpendicular
bisector of the porus acusticus internus were classified as
type 4D (Fig. 1D and E).

Clinical Analysis

To clarify the clinical differences between the sub-
types of KG4VS, we first compared the following base-
line characteristics: age, sex, tumor laterality, tumor size
(maximum CPA?%), findings on preoperative MR images
(fundal fluid cap,'® fluid cystic change, and a high jugular
bulb), response on intraoperative facial nerve monitoring,
adhesion between the tumor and facial nerve, facial nerve
displacement pattern (rostroventral, central-ventral, cau-
doventral, or dorsal), fanning of the facial nerve, nerve of
origin of the tumor, extent of resection (total, complete re-
moval; near total, only a small remnant on the facial nerve
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FIG. 1. Subclassification of KG4VSs. A: Schematic illustration of a CPA demonstrating each landmark (a—c) and showing how

to measure each parameter (i-v; ventral extension, dorsal extension). B and C: Schematic illustration (B) and preoperative axial
contrast-enhanced T2-weighted balanced fast field-echo image (C) showing representative type 4V cases. D and E: Schematic

illustration (D) and preoperative axial contrast-enhanced T2-weighted balanced fast field-echo image (E) showing representative
type 4D cases. The parameter values are presented in panels C and E.

under the microscope; or subtotal, remnant detectable on
MR images), operation time, postoperative hearing status,
postoperative hydrocephalus requiring ventriculoperito-
neal shunt, and postoperative adjuvant stereotactic radio-
surgery. Second, we retrospectively assessed the postoper-
ative function of the facial nerve (House-Brackmann [HB]
grade?’) recorded at 1 month as the short-term outcome
and at 24 months as the long-term outcome for both sub-
types of KG4VS. Finally, we assessed the clinical signifi-
cance of KG4VS subtype as a predictor of short- and long-
term facial nerve function after surgery. For the purposes
of this study, favorable facial nerve function was defined
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as HB grades I and II and unfavorable facial nerve func-
tion as HB grades = III.

Morphological Analysis

To clarify the morphological differences between the
subtypes of KG4VS, we compared the following parame-
ters: maximal ventrodorsal diameter parallel to the petrous
edge, ventral extension to the perpendicular bisector of the
porus acusticus internus, dorsal extension to the perpen-
dicular bisector of the porus acusticus internus, maximal
mediolateral diameter parallel to the perpendicular bisec-
tor of the porus acusticus internus, maximal width of the
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porus acusticus internus parallel to the petrous edge, per-
pendicular distance between the center of the VS and the
perpendicular bisector of the porus acusticus internus, and
perpendicular distance between the center of the VS and
the petrous edge. All parameters were measured by the
same neurosurgeon (Y.F.)) on a representative axial slice
showing the cochlea and semicircular canals on contrast-
enhanced T2-weighted balanced fast field-echo images
and confirmed by a second neurosurgeon (Y.U.). Figure
1A shows how each parameter was measured.

As reported previously, routine examinations for VS
at our institution are performed using a 3T MR scan-
ner (Achieva, Philips Medical Systems) and include T2-
weighted images with 3D driven equilibrium (fast spin-
echo sequence) for evaluation of the IAC up to the fundus
and T2-weighted balanced fast field-echo images (gradi-
ent-echo sequence) before and after intravenous injection
of a gadolinium contrast agent (Magnescope, 0.2 ml/kg,
Guerbet) for evaluation of the CPA cistern.'® The anterior
commissure—posterior commissure line, which is wide-
ly accepted as the standard for clinical brain MRI, was
adopted as a reference line for axial MR images.

Surgical Techniques Used for KG4VS

We performed neuromonitoring-guided resection of
KG4VS using a retrosigmoid approach in a consistent
manner.'®? The patient was placed in the park-bench posi-
tion. A linear postauricular incision (length 10 cm) and
suboccipital craniectomy (4 x 4 cm) were performed with-
out decompression of the foramen magnum. The craniec-
tomy size was always the same, regardless of tumor size.
The tumor was removed microsurgically while monitor-
ing the facial nerve using an NIM-Neuro 3.0 nerve moni-
toring system (Xomed, Medtronic). The IAC was drilled
to remove the tumor filling the IAC. When the preopera-
tive image showed a high jugular bulb, it was skeletonized
and pushed down to get direct access to the IAC.

Our surgical policy for KG4VS is to remove the maxi-
mum amount of tumor possible with preservation of facial
nerve function. Preservation of facial nerve function is
prioritized over total resection in the following situations:
poor recognition of the facial nerve due to heavy bleeding
from the tumor, difficulty in securing a safe peeling plane
on the facial nerve because of strong adhesion with the
tumor, and a decreased response at the root exit zone on
facial nerve monitoring.

Statistical Analysis

The clinical and morphological characteristics were
compared between the groups using Fisher’s exact test
for categorical variables and the Mann-Whitney U-test
for nonparametric variables. Univariate logistic regres-
sion analysis was performed to determine whether any of
the preoperative factors, including the KG4VS subtype,
were significantly associated with short- and long-term
facial nerve function after resection of VS. Subsequent
multivariate logistic regression analyses were performed
with adjustment using all standard preoperative factors
(age, tumor size, presence of a fundal fluid cap, subtype
of KG4VS) and variables that were statistically significant
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(p < 0.05) in the univariate analyses. Odds ratios were
calculated with their corresponding 95% Cls. All statisti-
cal analyses were performed using EZR (Saitama Medi-
cal Center, Jichi Medical University), which is a graphi-
cal user interface for R (The R Foundation for Statistical
Computing). A two-sided p value < 0.05 was considered
statistically significant.?®

Results
Clinical Characteristics

Investigated in this study were 107 patients with
KG4VS who met the inclusion criteria. According to the
preoperative MRI findings, 45 patients (42.1%; 20 men, 25
women; median age 51.0 [IQR 42.0-59.0] years) had type
4V and 62 (579%; 17 men, 45 women; median age 47.5
[IQR 36.5-61.8] years) had type 4D KG4VSs. The median
preoperative tumor size (maximum CPA) was 33.0 (IQR
28.0-38.0) mm for type 4V and 30.0 (IQR 25.0-37.5) mm
for type 4D. The baseline patient and tumor characteristics
are summarized according to KG4VS subtype in Table 1.
There was no statistically significant between-group dif-
ference in any characteristic except for a higher incidence
of a decreased response on intraoperative facial nerve
monitoring (p = 0.027) and in the facial nerve displace-
ment pattern (p = 0.011) for type 4V. Overall, the facial
nerve in 106 patients (99.1%) was displaced ventrally (ros-
troventral, 41.1%; central-ventral, 52.3%; caudoventral,
5.6%; dorsal, 0.9%). The most common displacement pat-
tern was rostroventral for type 4V and central-ventral for
type 4D.

Morphological Characteristics

The morphological characteristics are summarized ac-
cording to subtype of KG4VS in Table 2. Although there
was no statistically significant between-group difference
in maximal ventrodorsal diameter, ventral extension was
significantly greater in type 4V than in type 4D (17.7 [IQR
144-21.3] mm vs 12.3 [IQR 9.3-15.0] mm, p < 0.001)
and dorsal extension was significantly smaller in type 4V
than in type 4D (13.5 [IQR 11.1-16.8] mm vs 15.8 [IQR
12.4-20.6] mm, p = 0.021) (Fig. 2A—C). The maximum
mediolateral diameter was significantly larger in type 4V
than in type 4D (25.0 [IQR 19.9-27.8] mm vs 21.2 [IQR
16.9-25.7] mm, p = 0.019). There was no significant be-
tween-group difference in maximal width of the porus
acusticus internus.

The median center of type 4V KG4VSs was located 1.9
(IQR 0.9-2.6) mm ventrally from the perpendicular bisec-
tor of the porus acusticus internus and 12.5 (IQR 9.9-13.9)
mm from the petrous edge. However, the center of type
4D was located 1.6 (IQR 0.8-3.0) mm dorsally from the
perpendicular bisector of the porus acusticus internus and
10.6 (IQR 8.4-12.9) mm from the petrous edge. The cen-
ter was significantly farther from the petrous edge in type
4V than in type 4D (p = 0.019). Representative cases for
both subtypes are shown in Fig. 1. The distributions of
the position of the center of the KG4VS within the CPA
cistern in all cases in both subtypes of KG4VS are shown
in Fig. 2D.
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TABLE 1. Clinical characteristics of KG4VS stratified by subtype

Total No. of Patients KG4VS Subtype

(n=107) Type 4V (n = 45) Type 4D (n=62) p Value

Age, yrs 51.0 (39.0-60.5) 51.0 (42.0-59.0) 475 (36.5-61.8) 0.574
Sex 0.099

Male 37 (34.6) 20 (44.4) 17 (27.4)

Female 70 (65.4) 25 (55.6) 45 (72.6)
Tumor laterality 0.696

Rt 45 (42.1) 20 (44.4) 25 (40.3)

Lt 62 (57.9) 25 (55.6) 37 (59.7)
Preop tumor size

Maximum CPA, mm 31.0 (25.0-38.0) 33.0(28.0-38.0) 30.0 (25.0-37.5) 0.190
Preop MRI findings

Fundal fluid cap 76 (71.0) 31(68.9) 45 (72.6) 0.829

Cystic change 36 (33.6) 18 (40.0) 18 (29.0) 0.301

High jugular bulb 9(8.4) 5(11.1) 4 (6.5) 0.488
Extent of resection 0.081

Total 51 (47.7) 16 (35.6) 35 (56.5)

Near total 37 (34.6) 18 (40.0) 19 (30.6

Subtotal 19 (17.8) 11 (24.4) 8 (12.9)
Decrease in response on intraop facial nerve monitoring 16 (15.0) 11(24.4) 5(8.1) 0.027
Strong adhesion btwn tumor & facial nerve 69 (64.5) 33(73.3) 36 (58.1) 0.152
Facial nerve displacement pattern 0.011

Rostroventral 44 (41.1) 25 (55.6) 19 (30.6)

Central-ventral 56 (52.3) 16 (35.6) 40 (64.5)

Caudoventral 6 (5.6) 3(6.7) 3(4.8)

Dorsal 1(0.9) 1(2.2) 0 (0)
Fanning of facial nerve* 84 (79.2) 35(77.8) 49(80.3) 0.811
Origin of tumor 0.806

Superior vestibular nerve 37 (34.6) 14 (31.1) 23 (37.1)

Inferior vestibular nerve 53 (49.5) 24 (53.3) 29 (46.8)

Unidentified 17 (15.9) 7(15.6) 10 (16.1)
Op time, hrs 5.6 (4.6-7.0) 6.3 (4.7-7.2) 5.3 (4.5-6.9) 0.115
Postop hearing loss 93 (86.9) 42 (93.3) 51(82.3) 0.146
Postop hydrocephalus requiring VPS op 1(0.9) 0(0) 1(1.6) >0.999
Postop adjuvant SRS 3(2.8) 1(2.2) 2(3.2) >0.999

SRS = stereotactic radiosurgery; VPS = ventriculoperitoneal shunt.
Values are reported as median (IQR) or as number of patients (%).
* One patient in the type 4D group lacked data.

Postoperative Facial Nerve Function

No patient had facial nerve paralysis in either group
preoperatively. Overall, the facial nerve was morphologi-
cally preserved in 106 patients (99.1%), with the exception
of 1 patient with type 4V.

Figure 3 left shows the short-term facial nerve outcome.
Facial nerve function 1 month after surgery was unfavor-
able in 24 patients (53.3%) with type 4V and in 9 patients
(14.5%) with type 4D; the between-group difference was
significant (p < 0.001). Figure 3 right shows the long-term
outcome in 101 patients (type 4V, n = 41; type 4D, n =
60). Facial nerve function at 24 months after surgery was
unfavorable in 7 patients (17.1%) with type 4V. In contrast,
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only 2 patients (3.3%) with type 4D had unfavorable fa-
cial nerve function 24 months after surgery; this rate was
significantly lower than that in the group with type 4V (p
=0.001).

Predictors of Short-Term Postoperative Facial Nerve
Function

In univariate analyses, only type 4V (OR 6.73,95% CI
2.69-16.9; p < 0.001) was a significant predictor of an un-
favorable facial nerve outcome at 1 month after surgery
(Table 3). No other feature was associated with facial

nerve function at 1 month after surgery (Supplemental
Table 1).
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TABLE 2. Morphological characteristics of KG4VS stratified by subtype

KG4VS Subtype
Overall (n=107) Type 4V (n = 45) Type 4D (n=62) p Value

i) Maximal ventrodorsal diameter, mm 30.0 (23.3 t0 36.6) 31.1 (25.5 10 37.6) 28.7 (22.2t0 35.5) 0.121
Ventral extension, mm 14.4 (10910 18.1) 17.7 (14.4 t0 21.3) 12.3(9.31015.0) <0.001
Dorsal extension, mm 14.3(12.3t0 18.4) 13.5(11.1 t0 16.8) 15.8 (12.4 10 20.6) 0.021
ii) Maximal mediolat diameter, mm 22.8 (17.7 to 27.5) 25.0 (19.9 t0 27.8) 21.2(16.9t0 25.7) 0.019
iii) Maximal width of porus acusticus internus, mm 10.9 (8.6 to 12.6) 10.6 (8.8 to 12.4) 11.1 (8.6 to 12.8) 0.902
Position of center of KG4VS

iv) Perpendicular distance from perpendicular -0.4 (-2.0t0 1.6) 1.9 (0.9 t0 2.6) -1.6 (-3.0t0 -0.8) <0.001

bisector of porus acusticus internus, mm

v) Perpendicular distance from parallel line to 11.4 (8.9 t0 13.8) 12.5(9.91t0 13.9) 10.6 (8.4 t0 12.9) 0.019

petrous edge, mm

Values are reported as median (IQR). Roman numerals in the left column correspond to those in Fig. 1A. For the perpendicular distance between the center of the
KG4VS and the perpendicular bisector of the porus acusticus internus, the ventral side is represented by a positive value and the dorsal side by a negative value.
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FIG. 2. A-C: Box plots showing the difference in maximal ventrodorsal diameter (A), ventral extension (B), and dorsal extension
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0.05; ***p < 0.001. D: Scatterplot showing distributions of the position of the center of KG4VS within the CPA cistern in all cases for
both subtypes of KG4VS. Black represents type 4V, and white represents type 4D. In terms of the perpendicular distance from the
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negative value.
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FIG. 3. Bar graphs showing the short-term (/eft) and long-term (right) postoperative facial nerve outcomes for both subtypes of
KG4VS. The graphs show the number of patients with each HB grade. The percentages represent the proportion with an unfavor-
able facial nerve outcome (HB grades = llI). Significance values are listed below the graph.

In multivariate analysis with adjustment for age, tumor
size, presence of a fundal fluid cap, and subtype of KG4VS,
type 4V (OR 7.67,95% CI 2.90-20.3; p < 0.001) remained
a significant independent predictor of an unfavorable fa-
cial nerve outcome at 1 month after surgery (Table 3).

Predictors of Long-Term Postoperative Facial Nerve
Function

In univariate analyses, tumor size > 40 mm (OR 5.25,
95% CI 1.10-25.1; p = 0.038), absence of a fundal fluid
cap (OR 11.8,95% CI 2.28-61.3; p = 0.003), and type 4V
(OR 597, 95% CI 1.17-30.4; p = 0.031) were significant
predictors of an unfavorable facial nerve outcome at 24
months after surgery (Table 4). No other feature was as-
sociated with long-term facial nerve function after surgery
(Supplemental Table 2).

In multivariate analysis with adjustment for age, tu-
mor size, presence of a fundal fluid cap, and subtype of
KG4VS, type 4V (OR 6.05, 95% CI 1.04-35.0; p = 0.045)
remained a significant independent predictor of an unfa-
vorable facial nerve outcome at 24 months after surgery
together with the absence of a fundal fluid cap (OR 10.6,
95% CI 1.89-59.8; p = 0.007) (Table 4).

Discussion
Postoperative facial nerve dysfunction has a devastat-

ing impact on the quality of life in patients with VS .28-30-32
Therefore, preservation of facial nerve function is a prior-
ity in resection of VS. Preoperative prediction of postop-
erative facial nerve function using a simple method would
enable more appropriate decision-making regarding the
treatment strategy for patients with VS. We propose a nov-
el landmark-based subclassification of KG4VS, which is
generally considered a candidate for surgery, according to
the relative relationship between the center of the VS and
the porus acusticus internus for prediction of postoperative
facial nerve function. In our series, in which total resec-
tion was attempted in all cases, type 4V had a significantly
negative prognostic impact on short- and long-term facial
nerve outcomes after resection of KG4VS via the retrosig-
moid approach.

Morphological Features of KG4VS

As reported in previous morphological studies,* a
larger VS (i.e., one with a higher Koos grade) tends to have
greater ventral extension. In most of the previous studies,
the dimensions of the tumor were measured anterior or
posterior to the IAC axis. However, various morphological
measurement methods were used. Furthermore, evalua-
tions based only on actual values measured could not take
into account individual morphological differences in the
petrous bone and the posterior fossa.**=% Therefore, we

TABLE 3. Results of univariate and multivariate analyses of potential predictors of unfavorable
facial nerve function at 1 month after surgery as the short-term outcome

Univariate Analysis Multivariate Analysis
Factor OR 95% CI p Value OR 95% ClI p Value
Age, yrs 098  0.96-1.01 0.243 098  0.94-1.01 0.158
Tumor size (maximum CPA): 1.7 0.50-5.84 0.393 1.57 0.37-6.68 0.538
>40 vs <40 mm
Fundal fluid cap: absent vs present  2.02  0.84-4.86 0.116 195  0.72-5.30 0.166
KGA4VS subtype: 4V vs 4D 6.73  2.69-16.9  <0.001 767  2.90-20.3  <0.001

Brought to you by CCSS/BINASSS -

J Neurosurg Volume 140 « January 2024 133

DEPARTMENTO ADQ | Unauthenticated | Downloaded 01/24/24 08:56 PM UTC


https://thejns.org/doi/suppl/10.3171/2023.5.JNS23715

Fujita et al.

TABLE 4. Results of univariate and multivariate analyses of potential predictors of unfavorable
facial nerve function at 24 months after surgery as the long-term outcome

Univariate Analysis Multivariate Analysis
Factor OR 95% ClI p Value OR 95% ClI p Value
Age, yrs 1.00  0.95-1.04 0.822 1.00  0.95-1.06 0.979
Tumor size (maximum CPA): 5.25 1.10-25.1 0.038 403 0.61-26.5 0.147

>40 vs <40 mm

Fundal fluid cap: absent vs present  11.8

2.28-61.3  0.003 10.6

1.89-59.8  0.007

KG4VS subtype: 4V vs 4D 5.97

147-304  0.031 6.05

1.04-35.0 0.045

developed a simple subclassification that focuses on the
relative relationship between the center of the VS and the
perpendicular bisector of the porus acusticus internus. In
this study, we identified morphological differences other
than tumor size within the same grade of KG4VS and suc-
cessfully delineated two distinctly different subtypes of
KG4VS, namely, type 4V and type 4D.

We classified 42.1% of our patients as having type 4V
and 57.9% as having type 4D. The center of type 4V was
located ventrally to the perpendicular bisector of the porus
acusticus internus and farther from the petrous edge than
was type 4D. Consistent with our hypothesis, ventral ex-
tension was significantly greater in type 4V than in type
4D, although there was no significant difference in the
maximal ventrodorsal diameter. Furthermore, the maxi-
mal mediolateral diameter was larger in type 4V than in
type 4D. These morphological findings suggest that type
4V is a subtype of KG4VS with greater ventral and medial
extension. Moreover, our morphological findings based on
actual values measured indicate that our landmark-based
subclassification of KG4VS is valid.

Postoperative Facial Nerve Function Based on
Subclassification of KG4VS

It has been unclear why the Koos classification cannot
predict postoperative facial nerve function even though
tumor size is generally considered to be a predictor of
facial nerve function after resection of VS.'*202 To an-
swer this question, we focused on the abovementioned
morphological differences within KG4VS and proposed a
subclassification system. This study has successfully dem-
onstrated that our subclassification can predict short- and
long-term facial nerve function after resection of KG4VS
via the retrosigmoid approach. Hobson et al. put forward
a hypothesis similar to ours and evaluated 127 patients
who underwent resection of large (= 25 mm) VSs mainly
via the translabyrinthine approach.?® They found that a
large proportion of tumors posterior to the IAC axis had a
high likelihood of good short- and long-term facial nerve
outcomes. Moreover, both Wong et al. and Perkins et al.
reported worsened facial nerve function in patients with
tumors that were larger and in those with greater anterior
extension.’** These studies showed that greater ventral tu-
mor extension was associated with unfavorable postoper-
ative facial nerve function based on actual measurements,
but no clear criteria were given. Our present study has re-
solved this issue.

134  J Neurosurg Volume 140 ¢ January 2024

Brought to you by CCSS/BINASSS -

We performed KG4VS resection guided by intraopera-
tive facial nerve monitoring using consistent procedures
and intraoperative judgment. Overall, we achieved favor-
able facial nerve function (HB grade I or II) in 69.2% of
patients at 1 month postoperatively and in 91.1% at 24
months postoperatively, which is satisfactory when com-
pared with previous reports.>!*4° However, the short- and
long-term rates of preservation of favorable facial nerve
function were significantly lower for type 4V (46.7% at 1
month postoperatively and 82.9% at 24 months postopera-
tively) than for type 4D (85.5% and 96.7%, respectively).
We identified morphological subtypes of KG4VS with a
different prognosis in terms of facial nerve function even
when tumor size within the KG4VS was taken into ac-
count. Interestingly, the incidence of a decreased response
on intraoperative facial nerve monitoring was significantly
higher for type 4V (24.4%) than for type 4D (8.1%), lead-
ing to a low rate of total resection in our patients with type
4V. The anatomical location of the facial nerve might help
to explain why type 4V is likely to have an unfavorable
facial nerve outcome after resection of VS via the retrosig-
moid approach. The facial nerve is located in the anterior
superior quadrant of the IAC and generally lies ventrally
to a VS.442 Therefore, the facial nerve fibers in type 4V
are more strongly stretched at the exit of the porus acus-
ticus internus and over the ventral tumor surface than are
those in type 4D. The facial nerve was lacerated intraop-
eratively at the exit of the porus acusticus internus in 1
patient with type 4V in our case series, which is consistent
with this hypothesis. Furthermore, the rostroventral facial
nerve displacement pattern is generally related to poor fa-
cial nerve outcomes.** Our intraoperative finding that the
rostroventral displacement pattern was significantly more
common in type 4V further explains the relationship be-
tween our subclassification and postoperative facial nerve
function. These features could potentially make the facial
nerve more vulnerable to mechanical injury during micro-
surgery in patients with type 4V KG4VS (Fig. 4).

Like the KG4VS subtype, the fundal fluid cap also con-
tributes to long-term postoperative facial nerve function.
Our proposed subclassification targets the risk of facial
nerve injury during resection of tumor components within
the CPA cistern, which accounts for the majority of KG4VS
tumors. However, the fundal fluid cap targets the risk of
facial nerve injury during resection of tumor components
within the IAC."® The difference in the rate of preservation
of favorable facial nerve function was obvious in our case
series when this combination of radiographic features was
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FIG. 4. Schematic illustration of both subtypes of KG4VS with a facial nerve demonstrating our hypothesis regarding why an un-
favorable facial nerve outcome can be predicted for type 4V after VS surgery. The facial nerve fibers in type 4V are more strongly
stretched at the exit of the porus acusticus internus and over the ventral tumor surface (left). These features could potentially
make the facial nerve more vulnerable to mechanical injury during microsurgery, as indicated by the red areas. Conversely, the
stretching of the facial nerve fibers in type 4D are milder than that in type 4V and there would be a greater likelihood of a favorable

postoperative facial nerve outcome (right).

considered. Facial nerve function was preserved in 88.9%
of patients (40/45) at 1 month postoperatively and in 97.8%
(44/45) at 24 months postoperatively when the KG4VS
was type 4D with a fundal fluid cap. In contrast, facial
nerve function was preserved in 35.7% of patients (5/14) at
I month postoperatively and in 53.8% (7/13) at 24 months
postoperatively when the KG4VS was type 4V without a
fundal fluid cap. Our findings suggest that these two inde-
pendent radiographic features (subclassification of KG4VS
and fundal fluid cap) could be used together in advance of
surgery to predict facial nerve function after resection of
KG4VS via the retrosigmoid approach.

Limitations

Our study has three main limitations. First, it was con-
ducted at a single institution with a small sample and had
a retrospective design. Therefore, we cannot exclude the
possibility of bias in the study population. However, of all
the morphological studies that have examined facial nerve
function after resection of KG4VS via the retrosigmoid
approach, ours is based on the largest number of patients
to date. Second, we used only the retrosigmoid approach
for resection of VS. Our surgical strategy has always been
to attempt total resection for KG4VS while preserving fa-
cial nerve function. Therefore, an effect of differences in
surgical approach and surgical strategy between centers
on postoperative facial nerve function cannot be excluded.
Based on our findings, intentional near-total resection or
subtotal resection followed by stereotactic radiosurgery
might be the preferable surgical goal for type 4V KG4VSs.
However, the clinical applicability of our proposed sub-
classification of KG4VS for patients treated by other sur-
gical strategies, including other surgical approaches, re-
quires further investigation. Finally, the subclassification
did not take into account 3D morphological differences.
Our proposed subclassification is based on 2D analysis
and is designed to be simple and easy for clinicians to use.
However, future investigations that include 3D analysis
might reveal unresolved issues.
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Conclusions

This paper describes the development and validation
of a novel landmark-based subclassification of KG4VS ac-
cording to the relative relationship between the center of
the VS and the porus acusticus internus that can be used
to predict facial nerve function after surgery. This subclas-
sification can delineate two distinctly different morpho-
logical subtypes of KG4VS and predict short- and long-
term facial nerve function after microsurgical resection of
KG4VS via the retrosigmoid approach. The risk of postop-
erative facial palsy is greater for type 4V than for type 4D
when attempting total resection. The distinction between
types 4V and 4D could help to predict the risk of facial
nerve injury and generate more individualized surgical
strategies for KG4VSs with better facial nerve outcomes.
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