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Abstract: 
Purpose: To assess the feasibility and effectiveness of the lateral suboccipital 

retrosigmoid approach in the surgical management of vestibular schwannoma. 

Materials and Methods: We conducted a prospective hospital-based case series 

conducted on 356 patients during the period from May 2018 to May 2020 in 

collaboration with the neurosurgery department, "Sohag University hospital", and 

"Tokyo Medical University Hospital". Patients included who were undergoing surgical 

intervention for vestibular schwannoma (VS) through retrosigmoid approach. All 

patients in our study were followed up for a minimum of four months. For each patient 

intraoperative tumor resection volume was recorded, postoperative complications, 

facial and cochlear nerve functions were assessed. 

Results: Enrolled in this study 356 cases, the majority (54.8%) of patients were 

females; while (45.2%) were males were included with a mean age (42.57 ± 12.3) years. 

We achieved a mean follow-up of 6.2 months; ranging (4-9 months). Postoperative 

scoring of facial nerve function was a good outcome in 79.4%, fair outcome in 17.5%, 

and poor outcome in 3.1%. 

Conclusion: We assessed the results of surgery using a retrosigmoid approach in 356 

patients with VS. Surgical management of VS using retrosigmoid approach is safe and 

effective but after the advancement of microsurgical techniques like drilling and 

neurophysiological monitoring especially for seventh and eighth cranial nerves, the 

possibility of preserving the facial and cochlear functions became more feasible with 

excellent results.  
Key Words: Vestibular Schwannoma, facial, retrosigmoid, Acoustic neuroma. 
 

Introduction 
Vestibular schwannoma (VS) is an extr-

a-axial, benign, encapsulated, Schwann 

cell-derived tumor, which originates fr-

om the vestibular portion of eighth ner-

ves usually within the internal auditory 

canal (IAC). As the tumor grows into 

the cerebellopontine angle (CPA), it co-

mpresses the cochlear, vestibular, and 

facial nerves (FN), as well as the cere-

bellum and brain stem, giving rise to va-

rious symptoms. [1][2] 

Treatment options are: follow up, radi-

osurgery, and microsurgical excision, 

depending on the tumor size, location 

and rate of growth, and hearing level in 

the affected ear, age, and general health 

condition also have a great role in man-

aging option. [2] 

Surgical approaches used for this inter-

vention include the middle cranial fos-

sa, translabyrinthine, and lateral suboc-

cipital retrosigmoid approaches. The g-
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oal of surgery is changed from mere tu-

mor removal to functional outcome thr-

ough the concept of the maximum achi-

evable amount of tumor removal avoid-

ing serious persistent postoperative FN 

palsy. Of the surgical approaches utiliz-

ed, the retrosigmoid approach has seve-

ral advantages. Surgery via this appro-

ach can be easily performed in individ-

uals with large tumors and those with 

concurrent hydrocephalus. This approa-

ch provides simple and direct access to 

CPA lesions, with surgical exposure ex-

tending from the tentorium and trigem-

inal nerve superiorly to the foramen ma-

gnum and inferiorly to the jugular for a-

men. Thus, compared with other appro-

aches, the lateral suboccipital retrosi-

gmoid technique provides a better view 

of the CPA and allows adequate ident-

ification of the CPA structures, more 

complete excision of lesions, fewer co-

mplications, and avoids the risks of ma-

jor neurological complications. [3][4] 
 

Subjects and Methods 
We conducted a prospective hospital-

based case series on 356 patients during 

the period from May 2018 to May 2020 

in collaboration with the neurosurgery 

department, "Sohag University hospit-

al", and "Tokyo Medical University H-

ospital". Patients admitted for surgical 

intervention with a diagnosis of VS thr-

ough a retrosigmoid approach were inc-

luded. All patients were followed up for 

at least four months postoperatively. 

The study was approved by the "Ethics 

Committee" of our institute.  

Among the clinical parameters evalua-

ted were presenting symptoms, pre-and 

postoperative hearing status using pure-

tone audiometry results, tumor size on 

MRI scans, and pre-and postoperative 

assessments of FN function. Tumor size 

was defined as the magnitude of the lon-

gest diameter of the cisternal part of the 

tumor and graded according to "Koos 

classification system [5]" into grade Ⅱ (≤ 

2 cm), grade Ⅲ (≤ 3 cm), and grade Ⅳ 

(＞ 3 cm). For each patient, intraoper-

ative tumor resection volume was recor-

ded, as well as postoperative complicat-

ions. The hearing was graded according 

to the guidelines of "American Acade-

my of Otolaryngology-Head and Neck 

Surgery" (AAO-HNS) [6]; where classes 

A & B (A: ≤ 30, B: > 30, ≤ 50) "dB" 

defined serviceable hearing, classes C 

& D (C: > 50 dB, D: any other level) 

non-serviceable hearing according to 

pure tone audiogram results. FN functi-

ons were described using House-Brick-

man (HB) [7] where "HB Grades I–II" 

considered good outcome, "HB Grades 

III-IV" fair, and "HB Grade V–VI" co-

nsidered poor outcome. 

The lateral suboccipital retrosigmoid a-

pproach is the standard approach we us-

ed. With the patient in the lateral pos-

ition "Mayfield" pin fixation system 

was used to fix the head [Figure 1]. The 

skin incision we used is a curved sem-

ilunar on the post-auricular area. After 

that a craniotomy is initiated with three 

burr holes, exposing both the transv-

erse-sigmoid sinuses (TS-SS) junction; 

where the keyhole of our approach is 

placed. We use a single point on the 

three-dimensional computed tomograp-

hy image on the venous phase [Figure 

2]. The dural incision is performed in a 

U-shaped fashion on the bottom of the 

sigmoid sinus allowing anterior reflect-

ion of the dura [Figure 3]. We identify 

the course of the FN on the tumor 

surface by an interrupted FN stimulat-

ing probe. We came to a point when the 

tumor could be internally debulked and 

the walls of the tumor could be collaps-

ed inward. At this stage, the tumor cou-

ld be dissected away from the cerebellu-

m, the flocculus, and finally the brainst-

em and cranial nerves. Then, a continu-

ous FN stimulating probe could be plac-

ed upon the root entry zone of the FN. 

This allowed for real-time FN monito-

ring during the whole procedure. 
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The IAC is drilled laterally (about 6 and 

9 mm out of the posterior IAC wall can 

be removed) with the limiting structures 

being the semi-circular ducts and the 

vestibule laterally and the jugular bulb 

inferiorly. Longitudinal opening of the 

IAC dura is carried out and the vestib-

ular nerves are identified. Dissection of 

the FN from the tumor carried out using 

smooth tipped forceps. At least tempor-

arily we tried to preserve the cochlear 

nerve in every case to avoid bearing the 

FN the full weight of the remaining tu-

mor. At the time when the tumor is 

completely removed, the field is irriga-

ted and inspected for residual tumor 

tissues. The closure started with sealing 

the IAC to prevent a CSF leak. Then, 

dural closure was reinforced with tissue 

glue, and three mini-titanium plates we-

re used to replace the bone flap.  
 

Results 
Enrolled in this study 356 cases, the ma-

jority (54.8%) of patients were females; 

while (45.2%) were males were inclu-

ded with a mean age (42.57 ± 12.3) yea-

rs. A follow-up margin of 6.2 months; 

ranging (4-9 months) was achieved. 

At admission; (64.6%) of patients sho-

wed up with hearing impairment, 

(73.3%) presented with tinnitus, 

(53.7%) presented with face numbness, 

(2.2%) presented with imbalance, 

(57.6%) presented with dizziness or 

vertigo, (6.7%) presented incidentally, 

(1.4%) presented with facial paralysis, 

and (1.1%) presented with trigeminal n-

euralgia [Table 1]. 

Right-sided tumor presented in 170 pat-

ients (47.8%), and left-sided in 181 pat-

ients (50.8%), and bilateral in 5 patients 

(1.4%). Regarding tumor size 72 

(20.2%) was classified as grade II, 123 

(34.6%) as grade III, and 161 (45.2%) 

as grade IV. 

Regarding preoperative hearing assess-

ment, (29.9%) of patients were graded 

as A, (15.8%) were graded B, (2%) we-

re graded C, and (52.4%) were graded 

D according to AAO-HNS hearing cla-

ssification.  

Regarding preoperative FN function; 

(96.9 %) of patients had good function 

(HB Ⅰ & II), (2%) had fair function (HB 

Ⅲ & Ⅳ), and (1.1%) had poor function 

(HB Ⅴ & Ⅵ).  

Postoperative FN function; (79.4 %) of 

patients had good function (HB Ⅰ & II), 

(17.5%) had fair function (HB Ⅲ & Ⅳ), 

and (3.1%) had poor function (HB Ⅴ & 

Ⅵ) [Table 2]. 

The average resection ratio was (96 ± 

4.5) % in the whole study group; with 

(85.9%) of patients had near-total resec-

tion (more than 95% of tumor size), and 

(14.1%) had subtotal resection (less 

than 95% of tumor size). 

Postoperative complications included 

persistent FN dysfunction in 10 patients 

(2.8 %), intracranial hemorrhage in 5 

(1.4%), CSF leakage through either wo-

und leak or rhinorrhea (9.7 %), and 6 

(1.6%) patients who developed wound 

infection which could be managed con-

servatively.  

 

Variables Frequency (%) 

Duration of symptoms (months) 8 (1 – 36) * 

Presenting (initial) symptoms Hearing loss 230 (64.6%) 

Tinnitus 261 (73.3%) 

Face numbness 191 (53.7%) 

Imbalance 8 (2.2%) 

Dizziness or vertigo 205 (57.6%) 

Incidental 24 (6.7%) 

Facial paralysis 5 (1.4%) 

Trigeminal neuralgia 4 (1.1%) 

Table 1: Presenting (initial) symptoms among 356 Vestibular Schwannoma patients: 

 

*Median (IQR: interquartile range) b 
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FN function (HB) Pre-operative Post-operative Chi-square test 

“P value” 

HB-1 332 (93.8%) 231 (65.3%) < 0.0001** 

HB-2 11 (3.1%) 50 (14.1%) 

HB-3 6 (1.7%) 43 (12.1%) 

HB-4 1 (0.3%) 19 (5.4%) 

HB-5 3 (0.8%) 8 (2.3%) 

HB-6 1 (0.3%) 1 (0.3%) 

Table 2: Comparison between pre and postoperative facial nerve function using Chi-square 

test 
 

*Good (HB Grade I-II), Fair (HB Grade III-IV), Poor (HB Grade V-VI) 

** Percentage of Column Total  
 

 

Associated Factor Post-operative HB grade 

r P 

Age  0.2063 =0.0001** 

Size of tumor 0.1889 =0.0004** 

IAM extension 0.007037 =0.8952 

PTA (Degree of hearing loss) 0.1547 =0.0077** 

Duration of symptoms 0.09972 =0.0929 

Resection ratio -0.3001 <0.0001** 
 

Table 3: Pearson’s correlation analysis for some pre-operative Factors associated with 

postoperative facial nerve function 
 

r: Pearson’s rho (correlation coefficient) 
 

 
Figure 1: Patient positioning and skin markings 

 

       

     Figure 2: Markings for craniotomy                Figure 3: Intraoperative photograph                 

                                                                               demonstrating U-shaped dural opening 
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Discussion 
VS accounts for about 8% of all intrac-

ranial tumors and about 87% of cerebe-

llopontine angle tumors. [8] These tum-

ors are managed by observation, stereo-

tactic radiosurgery, or microsurgical 

excision. The surgery is performed usi-

ng either retrosigmoid, translabyrinth-

ine, or middle fossa approaches. Stereo-

tactic radiosurgery is indicated for the 

treatment of tumors measuring ≤ 3 cm 

in diameter. Surgery is indicated for tu-

mors inadequately controlled by stereo-

tactic radiosurgery. [3] 

The technique implying the middle cra-

nial fossa approach is used to remove 

tumors confined to the IAC, especially 

to preserve hearing ability. Anatomi-

cally this approach is technically diffic-

ult and carries a high risk of facial palsy. 

The translabyrinthine approach can also 

be used, but it carries several disadvan-

tages, especially when removing large-

sized schwannomas; moreover, most 

ENT surgeons are more familiar with 

this approach. The translabyrinthine ap-

proach has been recommended, regar-

dless of tumor size, for patients with 

unserviceable hearing. [9] 

A retrosigmoid surgical approach is 

used by most neurosurgeons; as they are 

more familiar with the anatomical struc-

tures, even with large-sized tumors or in 

patients with VS associated with hydro-

cephalus. This approach enables the su-

rgeon to minimize damage to adjacent 

tissues. However, the location of the FN 

can`t be confirmed unless the tumor is 

almost completely removed, this appr-

oach is associated with a higher risk of 

FN injury. The retrosigmoid approach 

is associated with a high incidence of 

postoperative headache. This approach 

is used in patients with serviceable hea-

ring, and to remove more medially loca-

ted tumors. [9] 

We preferred the use of the retrosigm-

oid approach; based on several conside-

rations, including avoidance of the risk 

of major neurological complications, b-

etter postoperative FN function, and he-

aring preservation. 

When we reviewed the major symptoms 

in our patient group, we found that tinn-

itus (73.3%) was the most common pre-

senting symptom, followed by hearing 

loss (64.6%). That came per studies that 

have reported that the major symptom 

of VS is tinnitus, followed by sudden h-

earing loss, or that smaller-sized tumors 

were accompanied most frequently by 

dizziness. In contrast, other previous st-

udies reported that 94% of patients with 

VS complained of hearing disturbance. 
[10][11][12] 
Surgery performed via the retrosigmoid 

approach is advantageous in preserving 

hearing function in patients with small-

sized tumors. In our study, however, ab-

normal findings were observed in pati-

ents with large tumors, 54.4% of whom 

had an unserviceable hearing before su-

rgery. [13] 

Typically, patients are placed in a late-

ral or sitting/semi-sitting position for s-

urgery. In our study, we used only the 

lateral position during surgery. On the 

other hand, many surgeons in previous 

publications favored the sitting/semi-

sitting position for this type of surgery. 
[14][15][16][17] But, the semi-sitting positi-

on is associated with a higher risk of air 

embolism, despite anesthetic precautio-

ns to prevent this complication.[18][19][20] 

Also, the semi-sitting position is associ-

ated with a higher incidence of hema-

toma following excision of cystic schw-

annoma, [14] whereas the incidence of 

hematomas that occurred when patients 

were in the lateral position, was very u-

ncommon. On the other hand, the use of 

lateral position resulted in intraoper-

ative bleeding from peritumoral veins 

may, that should be managed with meti-

culous hemostasis. [21][22] 

The average resection ratio was (96 ± 

4.5) % in our study group; with (85.9%) 
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of patients had near-total resection (mo-

re than 95% of tumor size), and (14.1%) 

had subtotal resection (less than 95% of 

tumor size). As we attempted to prese-

rve the facial nerves, hearing ability, 

and major intracranial structures as pos-

sible as we could. Management of patie-

nts with residual tumors included either 

regular follow-up with MRI or stereo-

tactic radiosurgery. 

We found that overall postoperative fu-

nctions of the FN were good because 

preoperative FN dysfunction isn`t a co-

mmon presentation of VS. We found 

that 96.9 % of patients with good pre-

operative FN function; preservation of 

function after surgery was achieved in 

(79.4 %) of patients with good function 

(HB Ⅰ & Ⅱ), and (17.5%) with fair func-

tion. Thus, only (3.1%) of our patients 

had poor function (HB Ⅴ & Ⅵ), a lower 

percentage than previously observed. 
[23] In our study group, only ten patients 

(2.8%) had permanent FN dysfunction. 

In literature, VS tumors excision via a 

translabyrinthine [24][25][26] or retrosig-

moid [16][14][27] approach preserved FN 

function in 70-80% of patients, with 42-

52.6% showing good function.[23][24][28] 

The degree of recovery from FN palsy 

has been defined as good (HB grade 

I/II) or fair (HB grade III/IV). Preserv-

ation of FN function requires intraoper-

ative monitoring using a continuous FN 

SE. [29] 

Among the postoperative complications 

of the retrosigmoid approach for excise-

on of VS are death, hemorrhage in the 

CPA and cerebellum, brain stem injury, 

post-operative hydrocephalus, CSF lea-

kage, meningitis, cerebellar infarction, 

lower cranial nerves dysfunction, FN 

injury, cerebellar edema, intra-opera-

tive cardiac arrest, trigeminal dysfunc-

tion, abducens dysfunction, diplopia, u-

rinary tract infection, bronchial infec-

tion, and diabetic deregulations. Howe-

ver, we found that intracranial hemorr-

hage happened in 5 (1.4%) of our 

patients; among which three patients n-

eeded reoperation to evacuate the hema-

toma, and two managed conservatively. 

CSF leakage through either wound leak 

or rhinorrhea occurred in (9.7 %), and 

six patients (1.6%) developed wound 

infection which could be managed con-

servatively. [3][30] 
 

Conclusion 
We assessed the results of surgery using 

a retrosigmoid approach in 356 patients 

with VS. Surgical management of VS 

using retrosigmoid approach is safe and 

effective but after the advancement of 

microsurgical techniques like drilling 

and neurophysiological monitoring esp-

ecially for seventh and eighth cranial 

nerves, the possibility of preserving the 

facial and cochlear functions became 

more feasible with excellent results. 
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