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Preservation of the integrity of
facial nerve in vestibular
schwannoma microsurgery:
A consecutive study of 127
clinical cases focusing on
nervus intermedius
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Yang Li1, Changwu Wu1, Kai Xiao1, Xiangyu Wang1, Jun Su3,
Chaoying Qin1* and Qing Liu1,4*

1Department of Neurosurgery in Xiangya Hospital, Central South University, Changsha, Hunan, China,
2Department of Neurosurgery, Hainan General Hospital, Haikou, Hainan, China, 3Department of
Neurosurgery, Hunan Children’s Hospital, Changsha, Hunan, China, 4Institute of Skull Base Surgery &
Neuro-oncology at Hunan Neurosurgery Institute of Central South University, Changsha, Hunan, China
Background: Nervus intermedius (NI) injuries are not given enough attention by

neurosurgeons during vestibular schwannoma (VS) surgery. Preservation of NI

function is essential for the integrity and continuity of the facial nerve, although this

can be challenging. We identified the risk factors for NI injury and proposed our

experience for optimizing NI preservation based on our cases.

Methods: We retrospectively analyzed clinical data from a consecutive series of

127 patients with VS who underwent microsurgery via the retrosigmoid approach

from 2017 to 2021 at our institution. The baseline characteristics of the patients

were collected from the medical records, and the incidence of NI dysfunction

symptoms was obtained by outpatient and online video follow-up 6 months after

surgery. The surgical procedures and techniques used were described in detail.

The data were analyzed in relation to sex, age, tumor location (left or right), Koos

grading scale, internal acoustic canal (IAC) invasion (TFIAC Classification),

brainstem adhesion, tumor characteristics (cystic or solid), tumor necrosis, and

preoperative House–Brackmann (HB) grading by univariate and multivariate

analyses.

Results: Gross tumor removal was achieved in 126 (99.21%) patients. Subtotal

removal was performed on one patient (0.79%). Twenty-three of our cases

exhibited facial nerve palsy preoperatively; 21 patients had HB grade II facial

palsy, and two had HB grade III. Two months after surgery, 97 (76.38%) patients

had normal function of the motor portion of the facial nerve; 25 (19.69%) patients

had HB Grade II facial palsy, five had Grade III (3.94%), and zero (0%) had Grade IV.

Postoperatively, 15 patients experienced newly gained dry eyes (11.81%), whereas

21 cases of lacrimal disturbances (16.54%), nine of taste disturbances (7.09%), seven

of xerostomia (5.51%), five of nasal hypersecretions (3.94%), and seven of
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Abbreviations: NI, nervus intermedius; VS, vestibular schw

acoustic canal; HB, House–Brackmann; CN, cranial ne

pontine angle; INL, inferior nuchal line; CSF, cerebrospin

resonance imaging.
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hypersalivation (5.51%) were identified in our cases. Univariate and multivariate

analyses revealed that the Koos grading scale and tumor characteristics (solid or

cystic) were correlated with NI injury (p <0.01).

Conclusion: The data in this study demonstrate that although the motor function

of the facial nerve is well preserved, NI disturbance is still common after VS surgery.

Maintaining the integrity and continuity of the facial nerve is key to NI function.

Performing bidirectional and subperineurium dissection based on even and

adequate debulking is beneficial for NI preservation in VS surgery. Higher Koos

grading and cystic characteristics of VS are associated with postoperative NI

injuries. These two parameters can be used to guide the delineation of surgical

strategy and predict the prognosis of NI function preservation.
KEYWORDS

vestibular schwannoma, nervus intermedius, microsurgery, neurofunction preservation,
surgical technique
Introduction

Vestibular schwannomas (VSs) account for approximately 8% of

all intracranial tumors and are the most common neoplasm of the

cerebellopontine angle (CPA) in adults, with a lifetime prevalence

exceeding one case among 500 individuals (1). Treatment strategies

for VS can be divided into the observational wait-and-scan approach,

irradiation, microsurgery, and a combination of these methods (1).

Microsurgery remains the main treatment for most patients with VS.

With the development of microsurgical dissection over the past

century, the management of VS has moved beyond pursuing low

morbidity and has resulted in almost no risk of death (2–4).

Neurofunction and quality of life have been prioritized by

neurosurgeons for clinical management.

Preservation of facial nerve (CN VII) functions is always one of

the main challenges in the surgical management of VS. The majority

of the current literature on the surgical outcome of VS resection

focuses on the motor function of the facial nerve, since facial palsy

leads to severe functional disability and psychological trauma (5, 6).

However, intraoperative protection of the sensory/parasympathetic

part of CN VII, which courses in the CPA cistern between the

motor portion of the facial nerve and its various origins from the

brainstem to the internal acoustic canal (IAC)–nervus intermedius

(NI), has not gained sufficient attention. The NI has different

connections with adjacent nerves in the CPA. The various

orientations, tortuous trajectories, and flexible anastomoses of the

NI make its texture different from that of the motor branches of the

facial nerve. In contemporary reports, there are limited references to

the postoperative function of the non-motor components of the facial

nerve. Injury to the NI leads to dysfunction of the lacrimal gland,

submandibular and sublingual salivary glands, and fibers of sensory
annoma; IAC, internal

rve; CPA, cerebellum

al fluid; MRI, magnetic
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perception in the skin of the external auditory meatus and

nasopharynx. NI abnormalities are considered by neurosurgeons to

be less severe than the motor dysfunction caused by damaged CN VII;

nevertheless, disturbances of tear secretion and sensation of taste

indeed plague patients who suffer from these symptoms. Notably, NI

is found to have no perineurium and is generally covered with only a

thin layer of arachnoidea (7), making it difficult to distinguish and

protect NI intraoperatively (8, 9). Thus, we believe that the

preservation of NI function is essential for obtaining the integrity

and continuity of facial nerves.

The presence of NI injury symptoms following VS surgery inspired

us to conduct this study. We obtained clinical data on the preoperative

and postoperative functions of the NI from 127 patients with VS who

underwent microsurgery via the retrosigmoid approach at our

institution. Univariate and multivariate analyses were used to assess

risk factors associated with postoperative NI function, such as sex, age,

tumor location, Koos grading scale, IAC invasion (TFIAC

Classification), brainstem adhesion, tumor characteristics (cystic or

solid), tumor necrosis, and House–Brackmann (HB) grading. Based on

the analyses, we summarized the surgical technique and our experience

in optimizing the intraoperative protection of the NI. Our study could

provide evidence for analyzing the risk of NI injury preoperatively and

depicting the strategy for preserving the NI during VS resection.
Materials and methods

Study population

This retrospective study included a series of patients who

achieved total or subtotal removal with pathological results of

schwannoma after microsurgery via the retrosigmoid approach at

Xiangya Hospital between January 2017 and April 2021. Outpatient

follow-up was performed for these patients 6 months after their

surgery, while online video follow-ups were performed if the patients

had difficulty with outpatient follow-up in person.
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Clinical indicators

In addition to the standard epidemiological features of each patient,

the following preoperative and postoperative symptoms were also

documented: facial palsy, dry eyes, lacrimal disturbances, taste

disturbances, xerostomia, nasal hypersecretion, and hypersalivation.

Questions relating to the presence of symptoms and their

characteristics were included for every symptom. A surgical approach

was also used. Tumor-related data were also collected, and these

parameters included sex, age, tumor location, Koos grading scale,

IAC invasion (TFIAC Classification), brainstem adhesion, tumor

characteristics (cystic or solid), tumor necrosis, and HB grading.
Facial nerve motor function and
tumor grade

Facial nerve motor function was assessed before and after surgery

using the HB facial nerve outcome scale (10). Classification by size was

based on the Koos grading system from grades I to IV as follows: grade

I, a small intracanalicular tumor; grade II, a small tumor with

protrusion into the CPA cistern; grade III, a tumor occupying the

CPA cistern with no brainstem displacement; and grade IV, a large

tumor with brainstem and cranial nerve displacement. IAC invasion

was classified by TFIAC (tumor filling inner auditory canal) as follows:

grade I, 0% < TFIAC ≤ 25%; grade II, 25% < TFIAC ≤ 50%; grade III,

50% < TFIAC ≤ 75%; grade IV, 75% < TFIAC ≤ 100% (11).
Statistical analysis

Statistical analyses were performed using SPSS for Windows (IBM

SPSS Statistics forWindows, Version 25.0, Armonk, NY: IBMCorp.). A

descriptive analysis was conducted on the epidemiological and tumor-

related data, as well as the postoperative symptoms referred to in the

questionnaire and telephonic interview 2 months after surgery. The

data were analyzed in relation to sex, age, tumor location (left or right),

Koos grading scale, IAC invasion (TFIAC classification), brainstem

adhesion, tumor characteristics (cystic or solid), tumor necrosis, and

preoperative HB grading. To evaluate these data, either a univariate

analysis or a t-test for multiple linear regression was used. Statistical

significance was set at a probability value of <0.05.
Results

Patient characteristics

Detailed characteristics of the 127 patients are presented in

Table 1. There were 82 females and 45 males (the female-to-male

ratio was 1:0.55). The median age of the patients was 49 years (range,

13–73 years). The median follow-up period was 36 months (range, 6–

118 months). The median tumor size was 43 mm (range, 12–98 mm).

The lesions were all located in the CPA region and were diagnosed

pathologically as schwannomas. In total, 41 cases were cystic and 86

cases were solid. A tumor hemorrhage occurred in 55 patients. All 127

patients (100%) had primary VSs. A total of 109 lesions (85.83%)
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exhibited significant adhesion to the brainstem. IAC invasion grade

was determined by TFIAC classification (12). According to the

grading system by Koo et al., there were two grade I, 17 grade II,

41 grade III, and 67 grade IV invasions in our series. In total, nine

patients complained of NI abnormalities prior to surgery (Table 1).
Surgical management

All 127 patients were surgically treated via a retrosigmoid

approach, assisted by neurophysiological monitoring of the fifth to

12th cranial nerves. The patients were placed in a lateral supine

position. A reverse “L”-shaped incision and musculocutaneous flap

were made to expose the asterion and reach inferiorly as far as 2 cm

below the inferior nuchal line (INL). A short linear incision was made

on the dura to achieve sufficient CSF drainage from the lateral

cerebellomedullary cistern, and minimal cerebellar retraction was

accomplished. Electrophysiological monitoring was performed

during the entire operation of the motor portion of the facial and

cochlear nerves. Unless the tumor was classified as Koos Grade I or II,

most of the tumors were resected following the rules of vicissitudinary

debulking and dissection. Even and adequate debulking (Figure 1A)

was performed to achieve the result of only a thin layer of tumor tissue

being attached to the surrounding neural and vascular structures,

which would induce minimal damage to these vital structures.

Furthermore, we insisted on obtaining the dissecting plane below

the perineurium of the tumor to avoid penetrating the arachnoid layer

(Figures 2A, B), which may cause injury to the nerves, particularly the

NI, because this nerve generally lacks the perineurium itself

(Figure 2A). After the gross tumor body was removed, the

remaining mixed layers of perineurium, arachnoid, and suspicious

tumor tissue were eliminated. The integrity and continuity of the

facial nerve were further guaranteed by bidirectional dissection

(Figure 1B): we initially dissected from the brainstem to the IAC,

and the posterior wall of the IAC was drilled to open it, following the

potential trajectory of CN VII–VIII, to dissect and remove the tumor

from the IAC to the brainstem. Finally, the dissection would converge

at the prorus acusticus, where the tumor always tightly adheres to the

surrounding structure. Following these principles, the NI was not

usually visible during the operation because it is thin and located in

the extra-perineural region of the vestibular nerve. The integrity and

function of the motor portion of the facial nerve were routinely

verified by electrophysiological stimulation before removing the

retractor, and the cerebellum was re-expanded. The drilled region

of the IAC was fixed with a dural substitute and gel foam.
Surgical outcome

Overall, gross tumor removal was achieved in 126 patients

(99.21% of the total). To preserve the anatomical integrity of the

facial nerve, subtotal removal was performed in one patient (0.79%)

due to the tight adhesion of the tumor to the nerves and the difficulty

of separating the mixed membrane structure left on the facial or

cochlear nerves. Anatomical continuity of the facial nerve was

obtained in 126 patients, except for one case with a thin and

widened facial nerve covering the dorsal surface of the tumor.
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Preoperatively, 23 of our patients exhibited facial nerve palsy, 21 hadHB

grade II and two had HB grade III facial palsy. Twomonths after surgery, 97

(76.38%) patients had normal function of the motor portion of the facial

nerve; 25 (19.69%) had HB Grade II, five had HB Grade III (3.94%), and

none (0%) had grade IV facial palsy. The incidence of preoperative facial

nerve motor injury was almost 20%, which is higher than typically reported;

we considered that this was probably because the facial nerve motor had

already been affected by tumor compression before surgery, which had a

higher Koos grading rate than other reports. The postoperative

manifestations of the patients are presented in Table 2. In total, 25 patients

exhibited only a single symptom: 10 lacrimal disturbances, six dry eyes, five

taste disturbances, three xerostomia, and one hypersalivation. Twenty-four

patients showed at least two manifestations of NI injury after surgery.

In our case series, the incidence of preoperative NI disturbances was

low: dry eyes (0.79%), lacrimal disturbances (0.79%), taste disturbances

(3.15%), xerostomia (2.36%), nasal hypersecretion (0%), and

hypersalivation (0.79%). Among our patients, the most common

postoperative NI dysfunctions were dry eyes (12.60%), lacrimal

disturbances (17.32%), taste disturbances (10.24%), xerostomia (7.87%),

nasal hypersecretion (3.94%), and hypersalivation (6.30%). The incidence

of each symptom of NI dysfunction increased compared to that in the

preoperative data. Newly developed NI dysfunction due to surgical

management included dry eyes (11.81%), lacrimal disturbances (16.54%),

taste disturbances (7.08%), xerostomia (5.51%), nasal hypersecretion

(3.94%), and hypersalivation (5.51%) (Table 3).
Prognostic factors for postoperative
NI injury

Baseline characteristics of the patients were obtained from their

medical records. Follow-up information was obtained through an online

questionnaire and telephonic interviews. Parameters such as sex, age,

tumor location, Koos grading, IAC invasion (TFIAC classification),

brainstem adhesion, tumor characteristics (cystic or solid), tumor

necrosis, preoperative HB facial nerve grading, and extension of tumor

resection were collected (Table 1).We explored the risk of these parameters

for postoperative NI injury using univariate and multivariate analyses. As

shown in Table 4, the analyses revealed that cystic/solid tumors were

strongly associated with NI function after surgical management in both the

univariate and multivariate analyses (p <0.01). The Koos grading scale was

associated with the prognosis of postoperative NI function in the univariate

analysis (p <0.01) but not in the multivariate analysis. However, the other

correlation coefficients were not statistically significant in predicting the risk

of postoperative NI injury.
Correlation between NI dysfunction and
postoperative grade of facial nerve palsy

Disturbances in lacrimal function, taste sensation, as well as

xerostomia, hypersalivation, and nasal hypersecretion did not show

significant correlations with the postoperative HB grade. These

disturbances could occur in patients with normal postoperative functions

of the motor portion of the facial nerve. Dry eye incidence between the

healthy side and the side of surgery showed a significant correlation with

the grade of facial nerve palsy (coefficient = 0.244, p <0.006) (Table 5).
TABLE 1 Baseline characteristics of 127 patients with VS.

Variable No.of patients

Overall 127(100%)

Sex

Male 45(35.43%)

Female 82(64.57%)

Age (years)

≤50 71(55.91%)

>50 56(44.09%)

Confidence intervals 48.9291±1.08875

Tumor location

Left 77(60.62%)

Right 50(39.37%)

Koos grading scale

Grade I 2(1.57%)

Grade II 17(13.39%)

Grade III 41(32.28%)

Grade IV 67(52.76%)

Brainstem adhesion

Yes 109(85.83%)

No 18(14.17%)

Solid or cystic tumor

Solid 86(67.72%)

Cystic 41(32.28%)

Tumour necrosis

Yes 55(43.31%)

No 72(56.69%)

TFIAC

I 16(12.6%)

II 15(11.8%)

III 26(20.5%)

IV 70(55.1%)

Preoperative HB grading

I 104(81.89%)

II 21(16.54%)

III 2(1.57%)

IV 0

Extent of resection

GTR 126(99.21%)

STR 1(0.79%)
VS, Vestibular schwannoma.
HB, House-Brackmann.
GTR, Gross tumor resection.
STR, Subtotal tumor resection.
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Discussion

Vestibular schwannoma and NI injury

VSs are common benign intracranial tumors. Many neurosurgical

centers have reported an increase in the incidence of VS and the

shifting demographic characteristics of affected patients, which is

likely due to the rapid development of imaging technology, especially
Frontiers in Oncology 05
the increasingly widespread access to magnetic resonance imaging

(MRI), as opposed to a true biological shift (12–14). Meticulous and

sufficient management of VS can provide patients with the most

beneficial treatment options. With the accumulation of surgical

experience and technological assistance, anatomical preservation of

the facial nerve has become the norm today and has been achieved in

93%–98% of cases (5, 15). During outpatient follow-up, even though

HB Grades 1–2 were achieved in 91.8% of our VS series, some patients
A B

FIGURE 1

The schematic diagram illustrating the principle of vestibular schwannoma microsurgery for neurofunction preservation. (A) Schematic diagram of even
and adequate debulking in vestibular schwannoma microsurgery. (B) Schematic diagram and intraoperative images of bidirectional dissection in
vestibular schwannoma microsurgery. IAC, internal acoustic canal; Cochlear. N, cochlear nerve; Facial. N, facial nerve; Sup.Vest.N, superior vestibular
nerve; Inf.Vest.N, inferior vestibular nerve; CN V, the 5th cranial nerve; CN VI, the 6th cranial nerve; CN IX–XII, the 9th to 12th cranial nerves.
A B

C

FIGURE 2

The schematic diagram illustrating the principle of sub-perineurium dissection in vestibular schwannoma microsurgery for neurofunction preservation.
(A) Schematic diagram of sub-perineurium dissection in vestibular schwannoma microsurgery. (B) Intraoperative images of sub-perineurium dissection in
vestibular schwannoma microsurgery. (C) Intraoperative images of nervus intermedius in vestibular schwannoma microsurgery after IAC management.
IAC, internal acoustic canal; CN VII, the 7th cranial nerve; CN VIII: the 8th cranial nerves; Nerv.Int, nervus intermedius.
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complained about the symptoms of dry eyes, crocodile tears, and

dysgeusia, which affected their daily lives due to disturbance to the

non-motor portion of the facial nerve. Therefore, attention to NI

during tumor resection is important.

The NI, also known as the “nerve of Wrisberg,” was first described

by Heinrich August Wrisberg and named the “portio media inter

comunicantem faciei et nervum auditorium” (16, 17). Symptoms

related to NI dysfunction have been reported soon after

microsurgical management. Watanabe et al. found that the number

of patients with NI disturbances increased slightly after surgery

compared to before surgery (from 28.7% to 34.3%), but the increase

was not statistically significant (18). The correlation between the grade

of facial nerve palsy and disturbances in NI function showed a

discrepancy in the literature. Watanabe et al. and Irving et al. did not

find a correlation between the two phenomena, but Stripf et al. reported

a positive correlation (9). A prospective study by Samii et al. reported

that NI could be affected after VS surgery and was often correlated with

dysfunction of the motor portion of the facial nerve. NI disability

should be evaluated and reported separately while analyzing facial

nerve function after VS surgery (19). Noonan et al. reported the clinical

importance of monitoring NI symptoms because a high percentage of

all patients undergoing intervention are symptomatic during

management. Their study showed that patients with facial nerve

palsy were at a higher risk of developing NI sequelae (20). Data from

the study by Stripf et al. demonstrated the clinical importance of NI

defects associated with CPA tumor removal. More than 50% of patients

in this study reported postoperative NI disturbances. These sequelae

may affect both the short- and long-term postoperative quality of life to

the same extent as deafness or transient facial paresis. The risk of injury

appears to be higher after the middle fossa approach (9).

Regarding radiotherapy, Park et al. and Stripf et al. demonstrated

that patients undergoing radiotherapy for VS experience various

disturbances of the NI, which is useful information about the

likelihood of certain post-surgical symptoms for VS (21).

To the best of our knowledge, no detailed analysis of the risk

factors affecting the outcome of NI preservation before surgery has
Frontiers in Oncology 06
been reported. We found that cystic or solid tumors were strongly

associated with NI function after surgical management in both

univariate and multivariate analyses (p <0.01), which corresponds

to our clinical experience. Nerve protection is much more difficult

for cystic VSs because once the fluid is released from the cyst, the

mass effect of the original tumor disappears and only an extremely

thin tumor capsule adheres to the nerves (B = 0.566). Hence, the

trajectories of the facial and cochlear nerves may change dramatically

and become undetectable. Meanwhile, the dissection interface

becomes much more difficult to identify. The Koos grading scale

was associated with the prognosis of postoperative NI functions in the

univariate analysis, but not in the multivariate analysis (p <0.01).

Koos grading has been widely utilized in clinical assessments and has

been verified as a risk factor for NI injury after surgery. The VSs of

Koos grade IV are always difficult to handle; in particular, the nerve

origin from the brainstem is difficult to expose because of the

adhesion between the tumor and brainstem (B = 0.244).

The NI is much thinner than the motor portion of the facial nerve,

and it has different connections with adjacent nerves in the CPA. It

also has no perineurium and is generally covered with just a thin layer

of arachnoidea when coursing in the CPA cistern, making it

vulnerable to mechanical damage. In addition, the various

orientations, tortuous trajectories, and flexible anastomoses of the

NI make it more difficult to preserve than other nerves in the vicinity

of the tumor (8, 22). For example, NIs attached to the superior or

inferior vestibular nerves are easily injured during surgery and cannot

be preserved in some cases. Therefore, pertinent strategies and crafted

techniques can ameliorate the risk of NI damage and further optimize

the quality of the patient’s life.

According to the Koos grading scale for VS, the 127 cases in this

study contained more than 98.43% of grade II to grade IV VSs. Of

note, the two patients with HB grade III suffered strokes due to tumor

prior to surgery, so their facial nerves were more easily disturbed.

Thus, our cases exhibited a higher incidence of preoperative facial

nerve motor injury than is typically reported. Given the higher motor

dysfunction preoperatively, the incidence of preoperative NI
TABLE 3 Summary of the symptoms of preoperative, postoperative, and newly gained NI dysfunction.

Symptoms Preoperative Postoperative Newly gained

lacrimal disturbances 1(0.79%) 22(17.32%) 21(16.54%)

Dry eyes 1(0.79%) 16(12.60%) 15(11.81)

Taste disturbances 4(3.15%) 13(10.24%) 9(7.09%)

Xerostomia 3(2.36%) 10(7.87%) 7(5.51%)

Hypersalivation 1(0.79%) 8(6.30%) 7(5.51)

Nasal hypersecretion 0(0%) 5(3.94%) 5(3.94%)
NI, nervus intermedius.
TABLE 2 Postoperative manifestations of NI injury in VS patients.

NI injury
manifestation

Lacrimal
disturbances

Dry eyes Taste
disturbances

Xerostomia Hypersalivation Nasal
hypersecretion

Multiple(≥2) 24

Single (1) 10 6 5 3 1 0
NI, nervus intermedius.
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dysfunction was relatively low. The NI is multifunctional and carries

the sensory and parasympathetic functions of the facial nerve. In our

opinion, the various orientations, tortuous trajectories, and flexible

anastomoses of the NI make it less susceptible to dysfunction caused

by the tumor preoperatively. However, studies with larger case series

and more objective examinations are required.
Principle of adequate and even debulking

The tumor should be debulked piecemeal, evenly, and three-

dimensionally, which can effectively reduce its extrusion effect on the

surrounding tissues. After the tumor volume is reduced, the interface

between the tumor and the neurovascular structure can be identified,

and safe separation is feasible. In the process of continuous debulking

and dissection, evoked potential nerve monitoring is performed to

avoid accidental injury when distinguishing tumor tissues from

nerves. When the tumor is adequately decompressed, it is usually

possible to identify the origin of the facial nerve from the brainstem in

the ventral portion of the tumor, where the facial nerve is usually

displaced. Taking the brainstem end of the facial nerve, the cerebellar

flocculus, the choroid plexus of Luschka’s foramen, and the IAC as

anatomical landmarks, alternate debulking and dissection along the
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trajectory can avoid uneven mechanical forces on the delicate

nerve fibers.
Principle of sub-perineurium dissection

Based on even and adequate debulking, only thin mixed layers

composed mainly of different types of tissues are left between the tumor

and CN VII–VIII, which helps to expose the safe interface with

minimal stretching. There are sometimes thin arachnoid layers

between the cisternal CN VII–VIII and the tumor originating from

the vestibular nerve in the cerebellopontine cistern. Notably, this

interface may disappear owing to the special pathological behavior of

some individual tumors; thus, it is easy to damage the nerves following

subarachnoid dissection. However, histopathological studies have

shown that VS has a “capsule” composed of the vestibular

perineurium and nerve fibers (23). We believe that dissection should

be strictly restricted under the perineurium (Figures 2A, B), especially

when the tumor tightly adheres to the nerves. Safe dissection between

the perineurium and residual vestibular nerve fibers can avoid

damaging the facial and cochlear nerves. In the end, the extremely

thin membrane left on CN VII–VIII may contain residual tumor tissue

after the main tumor body has been removed, so we usually cautiously

peel off this thin membrane in case of tumor recurrence. Nevertheless,

for functional preservation, subtotal resection is inevitable when the

thin membrane adheres too tightly to the nerves. Naturally, these

special cases were closely observed.
Principle of bidirectional dissection

Except for the cases of Koos grade I, we performed bidirectional

dissection for all the other VSs protruding into the CPA cistern

(Figure 1B). First, we identified the origin of CN VII–VIII at the

brainstem, followed by careful separation between the thin tumor

tissue and nerves without piercing the perineurium, along the

“corridor” from the brainstem to the IAC, guided by the trajectory
TABLE 5 Pearson correlation coefficient of postoperative HB grade and
symptoms of NI injury.

Symptoms PCCs P

lacrimal disturbances 0.090 0.313

Dry eyes 0.244 0.006*

Taste disturbances 0.141 0.115

Xerostomia 0.147 0.099

Hypersalivation -0.087 0.329

Nasal hypersecretion 0.056 0.529
PCCs, Pearson correlation coefficient.
TABLE 4 Univariate analysis and multivariate analysis of risk factors for NI injury in VS patients.

Variable Analysis

Univariate analysis Multivariate analysis

F 95%CI p B t 95%CI p

Sex 0.329 0.4555-0.6311 0.567 -0.019 -0.256 -0.161-0.124 0.798

Age(years) 2.709 0.4555-0.6311 0.102 -0.021 -0.288 -0.173-0.129 0.774

Tumor location (center/right) 0.004 0.4555-0.6311 0.952 0.022 0.285 -0.129-0.173 0.776

Koos grading scale 7.890 0.4555-0.6311 <0.01 0.244 2.812 0.046-0.266 0.006

Brainstem adhesion 6.154 0.4555-0.6311 0.014 0.013 0.146 -0.209-0.242 0.884

Solid or Cystic tumor 83.591 0.4555-0.6311 <0.01 0.566 7.427 0.443-0.765 <0.01

Tumor necrosis 0.159 0.4555-0.6311 0.691 0.096 1.226 -0.059-0.250 0.223

TFIAC Classification 0.205 0.4555-0.6311 0.893 -0.023 -0.327 -0.076-0.054 0.744

Preoperative HB grading 2.592 0.4555-0.6311 0.079 0.210 0.134 -0.148-0.169 0.893
NI, nervus intermedius.
HB, House-Brackmann.
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of the facial nerve. The region of the porous acoustics is typically

associated with the highest risk of facial nerve injury during CPA

surgery due to the extremely tight adhesion between the nerves and

tumor tissue (5). Although the shape of the NI and the motor portion

of the facial nerve are visible, we always suspend the one-way

dissection and drill the posterior wall of the IAC to make it

appropriately open according to the preoperative imaging. The

residual tumor extending into the IAC is gently pulled out with a

nerve stripper to expose the anatomical structure of CN VII–VIII,

which is usually located between the motor portion of the facial and

cochlear nerves (Figure 2C). Finally, the dissection converges at the

porous acoustics from both directions; therefore, the last adhesion

point of the tumor with a normal structure can be amputated safely.

In our opinion, bidirectional dissection with proper IAC opening

minimizes the risk of NI injury; thus, we did not identify a significant

correlation with IAC invasion (TFIAC classification).
The idea of in situ dissection between the
nerve and tumor

Under the principles of “adequate and even debulking” and “sub-

perineurium and bidirectional dissection,” we propose the concept of

in situ dissection between nerves and tumors. In brief, after

intratumoral debulking, only thin layers of mixed tissue composed

of tumor cells, a small amount of vestibular nerve fibers, and the

vestibular perineurium attach to the neurovascular structures. At this

time, the facial and cochlear nerves should be maintained in situ in

their original anatomical positions and attempts to stretch nerve

structures away from the tumor should always be avoided during the

entire operation. In contrast, we peeled the thin layer of tumor tissue

from the facial and cochlear nerves under the vestibular perineurium.

This was done with as minimal displacement of the nerves as possible.

Therefore, no force is exerted on the thin and delicate nerves. During

the operation, after the last adhesion between the tumor and facial

nerve is peeled off, satisfactory nerve function preservation is

indicated when no serious spontaneous electromyographic response

occurs and complete electromyographic waves can be induced.

However, electrophysiological monitoring of the NI is still under

trial and has not been widely utilized in clinical practice (24).
Conclusion

Little attention has been given to NI dysfunction following VS

surgery. However, it affects patients’ quality of life. Although the

motor function of the facial nerve is well preserved, NI disturbances

are still common after VS surgery. The continuity of the facial nerve is

the premise of its motor function, and we propose maintaining the

integrity of the facial nerve to preserve NI function. Performing

bidirectional and sub-perineurium dissection based on even and

adequate debulking is the key principle for NI preservation in VS
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surgery. Notably, a higher Koos grading and cystic characteristics of

VS are strongly associated with postoperative NI injury. These two

parameters can be used to guide the development of a surgical

strategy and predict the prognosis for NI function preservation.
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