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  SYNOPSIS 

 

Background: The goal of modern vestibular schwannoma surgery is not only to complete 

tumour removal but also to preserve functions. Cerebellopontine angle surgery carries a 

significant risk of impairing facial nerve function, especially with large masses. Avoidance 

of facial nerve injury postoperatively requires preoperative and intraoperative identification 

and hence the role of preoperative imaging and intraoperative monitoring.  

  

Objectives: To evaluate the impact of identification of facial nerve preoperatively and 

intraoperative neurophysiological monitoring on the preservation of facial nerve function.  

 

Study design: This is a prospective observational clinical study.  

 

Patients and methods: This study was conducted on 35 patients operated upon for excision 

of vestibular schwannoma. Intraoperative monitoring was used for all patients. Patients 

were followed up for 3 months prospectively.  

 

Results: In the current study mean age was 47.94 years and female predominance were seen 

(23/35). In 31/35 (88.57%) patients, IAC extension was noticed, 15/35 (42.86%) patients 

presented with HCP and put of which only 6 patients were required shunt (5 preoperatively 

and 1 postoperatively). The first symptom to appear in our patient was Hearing loss 

(74.29%) and the mean duration of the presentation was 37.51 to 45.32 months. In the 

Current study, FN was preserved electrophysiologically in 32/35(91.43%) patients and 

anatomically preserved in 34/35 (97.14%) patients and the most common FN displacement 

location was anteriorly (94%). In view of more cases included in series were large to giant 

size (28/35) with a mean size of 3.76 cm diameter so we were able to achieve GTR+NTR 

(51.43% + 40%) and 8.57% STR.   

 

Conclusion: Facial preservation requires preoperative prediction of the location of the nerve 

in relation to the capsule, extra-arachnoidal dissection during surgery, and subtotal resection 

if intraoperative monitoring predicts a high risk, however if surgeon’s experience is enough 

to take risk than even cystic lesion can be excised with care with good FN outcome. 

 

Keywords: Vestibular schwannoma surgery, Facial nerve preservation. 
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 INTRODUCTION 

 

Acoustic tumours are benign neoplasms of Schwann cell origin that 

occur predominantly on the vestibular branches of the acoustic nerve 

(80%) and from the cochlear part in only about 5-7% (1).   The tumours 

variously known as acoustic neurinomas, acoustic neuromas, and 

vestibular schwannomas constitute an important intracranial pathology 

entity, accounting for 6 to  8% of all intracranial neoplasms and 80 to 

90% of tumours of cerebellopontine angle (2).  Since they arise from the 

superior division of the vestibular nerve and not from the acoustic 

division of the eighth cranial nerve, and are composed of Schwann cells 

in the neurilemma, the more accurate term “vestibular schwannoma” has 

been proposed (4). The majority of acoustic schwannomas are sporadic 

and unilateral (3). Bilateral tumours are hereditary and constitute less 

than 5% of all schwannomas (4). They present commonly in the fourth 

to sixth decade and it is a decade earlier in India (5, 6).                                   

  

The clinical presentation of acoustic neuromas can vary widely, but the 

earliest symptom is usually hearing loss. A history of progressive 

unilateral hearing loss, usually over many months and sometimes years, 

is the hallmark of an acoustic neuroma. Compression of the facial nerve 

occurs early, but the facial symptoms are rare in the early stages. When 

they do occur, fasciculation’s are the most common manifestation.         

 

Anatomic and functional preservation of the facial nerve  is a primary 

goal during microsurgical resection of vestibular schwannomas.  While 
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the anatomic integrity of the facial nerve can be preserved in a majority  

of cases, this does not guarantee functional preservation  (7).  A normal 

initial facial nerve examination after surgery strongly correlates with 

long term functional preservation of the facial nerve even in the setting 

of delayed weakness. Patients with immediate postoperative facial nerve 

weakness represent a small but important group that is at increased risk 

for a poor facial nerve outcome. The ability to predict recovery versus 

permanent dysfunction would be beneficial in counselling patients as 

well as planning facial nerve rehabilitation. Intraoperative facial nerve 

monitoring has been shown to improve  facial nerve outcome  in 

multiple studies (8).  
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REVIEW OF LITERATURE 

 

History of vestibular schwannoma - The first presumptive case of 

vestibular  schwannoma  dates  back to the second half of the 18th  

century.  As reported by Ahn, et al. (9), in 1777 Eduard Sandifort, 

described at autopsy the first  unilateral acoustic tumor.  Several reports 

on  tumors related to the auditory nerve followed, but it was  not until 

1830 that Charles Bell gave an accurate description of what appears to 

be a definitive case of  acoustic tumor.  A few years later, Curveilhier 

published a detailed report on the progression of  clinical symptoms  and 

the postmortem  findings in a patient. During the last decades of the 

19th century, advances in the histological and pathological 

characterization of tumors led to a more solid correlation of a patient’s 

clinical  symptoms  with the actual diagnosis obtained at autopsy. 

Sternberg (1900) is credited with the first accurate  pathological  

description of an acoustic neurinoma (10). 

 

The first reported case of  successful surgery in the 

cerebellopontine angle (in which patient survived) was performed in 

1894  by a British surgeon, Sir Charles Balance (11).  In early part of 

this century most  patients with vestibular shwannomas presented with 

very large tumors and significant brainstem  compression. The aim  of 

surgery was to decompress the posterior fossa and surgical mortality 

was 80%. In 1917 Cushing advocated subtotal resection  of acoustic 

tumours and with  improved surgical technique and haemostasis was 

able to lower perioperative mortality to 20%  (12).  Dandy was the first 

American surgeon to perform  total resection of acoustic tumors  

successfully and the first to describe the unilateral approach  to the 
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cerebellopontine angle. Because many patients at  this time presented 

with facial  palsy, postoperative facial nerve palsy was a uniform  

complication. This trend  prevailed until the latter half  of the last 

century; it is only in recent decades that emphasis has been placed on 

preservation of facial nerve function.                

 

The achievements in vestibular schwannoma  surgery were 

conspicuously marked by the following advances:  

• A better understanding of  the microsurgical anatomy 

• Use of operating microscope 

• Significant advances in neuroanaesthesia, neurophysiology, 

and in  standard microsurgical techniques. 

 

In 1931 Cairns was the first surgeon to document preserved facial 

nerve function. It was only until 1940, when Olivecrona employed an 

operating room  nurse to observe facial twitching during tumor resection 

(12).  In 1961, William House pioneered a new era in acoustic surgery 

with introduction of the operating microscope.  He introduced the 

translabyrinthine and middle fossa approaches for removal of vestibular 

schwannoma tumours. In 1957, Theodore Kurze for the first time 

resected a vestibular schwannoma using an operating room  microscope. 

In 1965, Kurze and Rand (13) reported suboccipital transmeatal 

microdissection to remove vestibular schwannoma totally, affording the 

possibility of preservation of  the facial and cochlear nerves. These 

approaches and refinement of the technique also led to an increased rate 

of facial nerve preservation during tumor resection.           
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Further refinements by M. Gazi  Yasargil in the microsurgical 

techniques and instruments revolutionized vestibular schwannoma  

surgery.  He was influenced by the idea of Kurze and others to make 

microsurgery a fundamental part of modern neurosurgery (14).            

Using his extensive experience  in vestibular schwannoma  surgery, 

Majid Samii has established landmark outcomes with respect to  the 

preservation of  facial and hearing functions (15, 16). 

 

In the cerebellopontine angle, tumour growth distorts normal 

anatomic relationships, making neural identification difficult.  Of all the 

surgeries that entail surgery near the facial nerve, resection of acoustic 

neuroma involves the highest risk of iatrogenic injury (17).  The 

intracranial facial nerve is more susceptible to injury because of the 

absence of a fibrous epineural protective layer found peripherally. In 

addition, the facial is thinned, attenuated and displaced by acoustic 

neuromas in the mid cerebellopontine angle. This segment of facial 

nerve, medial to the porus  acousticus in the cerebellopontine angle, is 

the site of most injuries. Even anatomical preservation of the facial 

nerve during cerebellopontine angle surgery does not ensure  normal or 

even satisfactory function (18). 

 

History of Facial nerve monitoring - In performing intracranial 

surgery that requires prolonged dissection and retraction of vital centres 

and cranial nerves, intraoperative electrophysiological monitoring is 

useful to the surgeon in localization as well as in assessing the extent of 

the manipulation of these structures. Cranial nerves two to twelve can be 

monitored by evoked response potentials (visual evoked  potentials, 

BAEPs), triggered EMG, or a combination of the two.  Except for 
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cranial nerves two and eight, the remaining nerves can be monitored by  

compound muscle action potential (CMAP) triggered by manipulation 

or direct nerve  stimulation.  The nerves most commonly monitored 

during  vestibular schwannoma  surgery  are cranial nerves seven and 

eight.                

 

A variety of techniques are available for the electrodiagnosis of 

the pathologies of muscle, peripheral nerve,  and central nervous system 

distribution.  Historically, the earliest investigations were performed in 

the late 18th century by Galvani, who published his observations on 

electricity and muscle contraction.  In 1848, Dubois-Raymond 

discovered the action potential and described it as a negative variation of 

the standing potential of a nerve related to the conduction of  a nerve 

impulse.  Soon thereafter, Hermann von Helmholtz recorded the 

conduction velocity in a median nerve in a human (19). 

 

In 1893, Krause noted that low-current electrical stimulation of 

the seventh cranial nerve produced contractions in the facial muscles 

during sectioning of the eighth cranial nerve for tinnitus.    

 

Before 1960, a large percentage of patients who underwent 

vestibular schwannoma surgery had significant long term facial nerve 

dysfunction, House-Brackmann grade 3 or worse (20). In 1970’s and 

early 1980’s, before the common use of intraoperative facial nerve 

monitoring (IOFNM), facial  paralysis after acoustic neuroma surgery 

was still a significant issue.  By the early 1990’s, the advantages of 

IOFNM (Intra-Operative Facial Nerve Monitoring) in  cerebellopontine 

angle surgery were clear.           
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Historically, detection of facial nerve activity during surgery was 

possible by observation of facial muscle movement or by ingenious 

inventions such as suturing bells to the patient’s face and listening for a 

response.  J. David Williams  in 1988 described a technique in which 

“jingle bells” were sutured in three positions on  the face at the points of 

maximum excursion of the  facial musculature when stimulated by a 

Hilger nerve stimulator set at 2 mA  (21).  This procedure  was used to 

monitor movement of the facial nerve while surgeon dissects the nerve 

in the cerebellopontine  angle and internal auditory canal.            

 

To facilitate the preservation of the facial nerve during resection 

of large acoustic neuromas, Delgado, et al, (22) 1979 developed a 

modified system of intraoperative electromyography.  This method 

involved stimulation of the facial nerve with a probe during surgery.  

Surface electrodes over the facial muscles detected the evoked responses 

and an oscilloscope was used to monitor  the activity of the facial nerve. 

They photographed the EMG recordings for the purpose  of detecting 

small changes that might occur during the operation and that would 

indicate deterioration of  facial nerve function.          

 

In 1982, Sugita and Kobayashi (23) monitored facial nerve 

function by positioning accelerometers over the facial muscles and 

transducing the output to an audiometry signal that could be heard by 

the surgeon.  For recognition of the facial muscle responses to 

stimulation, they used a newly designed facial monitor. Accelerometers 

weighing 3 gm were attached to the orbicularis oculi and  oris muscles.  

The facial movements were converted to  sound by means of an 
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accelerometer, amplifier, and speaker.   Thus the surgeon was thus able 

to recognise the facial responses without necessity of having the 

patient’s face observed under the drapes by an  anesthesiologist or 

ancillary personnel.                

 

Later in 1984, Moller and  Jannetta (24) combined the audiometry 

feedback features with the use of EMG to develop a  more sophisticated 

level of monitoring. In addition these investigators introduced 

monopolars, low impedence constant voltage stimulation to localize the 

facial nerve and assess its functional integrity.  The electrical activity 

(EMG responses) of the  facial muscles were recorded  from  two needle 

electrodes (Grass Type E2 subcutaneous platinum  needles),  one placed 

in the orbicularis oris and the other in the orbicularis oculi.  The  ground 

electrode was placed on the forehead. The potentials from  these two 

electrodes are amplified differentially using a Grass P511J amplifier 

equipped with a current limiting probe.  The potentials were displayed 

on an oscilloscope, and wave made available through a loudspeaker 

using  an audio-amplifier. 
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Anatomy and Physiology of Nerve Conduction and  Electrophysiolo

gical basis of  nerve monitoring - The peripheral nerve trunk contains 

motor, sensory and autonomic axons, which may be myelinated or 

unmyelinated; the myelinated ones have a faster conduction velocity. 

Conduction has two types: continuous  or saltatory.  The former occurs 

in unmyelinated nerve fibers and is continuous  and bidirectional.  

Saltatory conduction occurs in  myelinated fibers.  When a mixed nerve 

is maximally stimulated and recorded monophasically, there is a 

somewhat  irregular contour to the  action potential  based on the 

different velocities and thresholds of  the  nerve (this is called  a 

“compound nerve action potential” CMAP). Following the fall of the  

electrical response in  the action potential, there are two low amplitude, 

relatively low deflections, based on prior spike activity. The first is a 

negative after-potential. The nerve is  still excitable at this  point, and, in 

fact, may be more easily excitable. Following this, a positive after-

potential occurs where the nerve has a high threshold to activation. Both 

states relate to Na+ permeability. A motor unit consists of a motor axon 

and the population of muscle fibers innervated. The neuromuscular 

junction is a synapse at which the neural impulse stimulates the release 

of acetylcholine from  the axon terminals, resulting in a brief muscle 

contraction. The consequent electrical response is the CMAP Fig. 1. 

Fig 1- CMAP Variables= Compound muscle action potential; vertical 

arrows = CMAP amplitude; horizontal arrows= CMAP duration; shaded 

phase CMAP area. 

 

Facial Nerve Monitoring and Postoperative Function - Before the 

use of intraoperative monitoring, the anatomical preservation rate of 

facial nerve ranged from 30-96.6% and the functional preservation rate 
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ranged from 20-77% in various studies. The premise of using 

intraoperative facial nerve monitoring in acoustic neuromas is that facial 

nerve outcome will be improved in the immediate and late postoperative 

period.  The facial nerve function following acoustic tumour surgery 

with the use of monitoring showed anatomical preservation rate of 80–

100% and the functional preservation rate from 53–100% in various 

studies. 

 

Niparko, et al, (25) in 1989 for the first time reported the results 

of correlating proximal to distal amplitude ratios with facial nerve 

outcome in 29 patients who underwent translabyrinthine excision of the 

acoustic neuroma and were followed for one year.  Of these 29 cases, 24 

demonstrated  equal responses with proximal and distal stimulation 

(1:1) at  the completion of  the  procedure. 16 of these 24 patients (67%) 

demonstrated normal facial function (House and Brackmann Grade I) 1 

week postoperatively.  One year postoperatively, 21 of these 24 patients 

(88%) had Grade I facial function. None of these 24 patients 

demonstrated complete postoperative facial paralysis.  Thus, equal 

distal-proximal evoked responses suggested a good prognosis for the 

eventual recovery.  4 out  of the 29 cases demonstrated a reduced 

proximally evoked response.  In one of these 29 cases, proximal  

stimulation evoked no response.  Two of the four cases with a reduced 

proximal response demonstrated facial weakness (Grade III and V) 1 

week postoperatively. One of these two cases regained normal facial 

function after 1 year. The single case of absence of the  proximally 

evoked response demonstrated complete paralysis (Grade VI) 1 week 

and  1 year postoperatively. Thus it was concluded that a reduced 

proximal response at the end of the procedure may indicate 
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postoperative facial weakness. The mere presence of a response with 

proximal stimulation at the end of the procedure, however, indicates that 

the facial nerve is  at least partially intact. However, the authors did not 

correlate the values  of  proximal to distal amplitude  ratios with final 

facial nerve outcome and did not  study the association between 

intraoperative amplitude ratios, initial postoperative facial nerve 

function, and final facial nerve function. 

 

           Ebersold, et al., (26) in 1992 reported that proximal to distal 

amplitude ratios greater than 0.9 were associated with good initial and 

final postoperative facial nerve function; ratios between 0.5 and 0.9 

were associated with significant initial postoperative facial nerve 

weakness but good final facial nerve function;  ratios less than 0.5 were 

associated with poor initial facial nerve function and varying degrees  of 

final facial nerve weakness. 

 

           Taha, et al, (27) in 1995 reported the first detailed analysis of the 

association between proximal to distal facial nerve amplitude ratios and 

initial and final postoperative facial nerve function. The facial nerve was 

stimulated  using a monopolar stimulator probe with a constant current 

of 4 pulses  per second for 100 msec. The stimulus was set at the lowest 

intensity required to elicit an EMG response,  beginning at 0.05 mA  

and not exceeding 1 mA. The facial nerve was stimulated at the 

proximal and distal points after tumor excision. The response 

amplitudes were recorded in microvolts. Six  readings were obtained: 

three from  proximal and three from  distal stimulation. The highest 

proximal to distal ratios were used to  predict initial and final 

postoperative facial  nerve function. They found that higher proximal to 
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distal amplitude ratios were associated with better initial and final 

postoperative facial nerve function. All patients with ratios greater than 

2:3 had grade III or  better initial postoperative facial nerve function and 

grade I final facial nerve function.  90% of patients with ratios between  

1:3 and 2:3 had grade III or worse initial postoperative facial nerve 

function and all had grade III or better final postoperative facial nerve 

function. All patients  with ratios less than  1:3 had grade IV or worse 

initial and final postoperative facial nerve function. However, the result 

of this study was inconclusive because the rates of facial nerve recovery 

in different patient groups overlapped and the number of  patients 

(twenty) was too small. 

 

             Sobottka, et al, (28) in 1998  also evaluated amplitude ratios for 

a series of 40 patients. They also evaluated proximal  and distal absolute 

EMG amplitudes and stimulation threshold for prediction of  initial 

postoperative nerve function and recovery of function. Good initial 

facial  nerve outcome  (modified House and Brackmann grading I & II) 

was found in 15/16  patients with a proximal EMG amplitude greater 

800 microvolts and in 19/22 patients with proximal stimulation 

threshold of less than 0.3 mA. Sixteen of 16 patients with proximal 

stimulation threshold equal to or greater than 0.3 mA  had moderate to 

severe facial palsy (HB III or  worse). Six of six  patients with without 

evokable proximal amplitude initially had  poor facial nerve function 

(HB IV). A proximal amplitude  of 300 microvolts  or less  and a 

proximal to distal amplitude  ratio below 1: 3 were found in the absence 

of functional recovery in 6/8 (75%) and 5/6 (83%) patients with initial 

HB IV, respectively.   They concluded that absolute values of proximal 

amplitudes were  more reliable predictors  than proximal to distal ratios.                 
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Goldbrunner RH, et al, (29)  in 2000 did a quantitative analysis of 

absolute values and ratios (proximal/distal) of evoked EMG parameters 

(amplitude, latency and duration) in 137 patients and were correlated 

with postoperative ( 1week,  6 weeks and 6 months) facial nerve 

function. Absolute values of EMG amplitude and amplitude  ratios  

(proximal/distal)  demonstrated a good predictive power. For EMG  

latencies, only the ratios revealed a significant correlation with  facial 

nerve function.  Latencies and latency ratios are also easily influenced 

by intraoperative maneuvers that lead to nerve edema and reversible 

nerve blocks. They found that an amplitude ratio of greater  than or 

equal to 0.3 had a good chance for facial nerve function recovery and in 

contrast, a ratio of less than 0.1 had poor facial nerve function outcome.   

Because absolute values of CMAP amplitudes are available at every 

phase during surgery, these are the most appropriate parameters for 

routine assessment of the status  of the facial nerve  during surgery.  So 

it was concluded that due to their lower predictive power, latency ratios 

should be used only as supplementary parameters and statements 

concerning expected facial nerve outcomes should be based on the 

amplitude  ratios, which are the strongest  predictors. 

 

Isaacson et al, (30) in  2003 did a retrospective case review of 229 

patients undergoing resection of vestibular schwannoma with 

intraoperative facial nerve monitoring at a single institution. They found 

that the proximal to distal amplitude ratio and proximal electric 

threshold were statistically significant in predicting facial nerve 

outcome. They concluded that the use of intraoperative facial nerve 

monitoring may be useful to predict poor long term outcomes and thus 

modify the timing of rehabilitation.                      
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Various parameters have been studied during the facial nerve 

monitoring in acoustic nerve tumour and cerebellopontine angle 

surgeries. The correlation between the tumour size with the facial 

function outcome after surgery of vestibular Schwann o a has been 

reported from 80 to 100 % in tumour size less than 2 cm however when 

the size of lesion increases to more than 4 cm then facial nerve 

preservation’s results varies from 20 to 85% in various studies. 

 

  



 

17 

 

 

 

         

 

 

AIMS AND 

OBJECTIVES 

  



 

18 

 

AIMS AND OBJECTIVES 

 

This study aims is to access the clinical outcome after 

electrophysiologically and anatomically preserved 7th nerve in vestibular 

schwannoma patients. Our primary objective was to evaluate the various 

factors related to the postoperative outcome of the facial nerve after 

IONM & comparing them with follow up improvement and previous 

works of literature. 

The following characteristics  were  included in our study: 

• Preoperative facial nerve HB grade. 

• Post Operative facial nerve HB grade at immediate POD, 

after 1 month and at 3 month follow up. 

• IAM extension of lesion. 

• Size of lesion 

• Demographic distribution in our country 

• Effect of Extent of resection and facial nerve outcome. 

• Per of need of shunt or EVD placement 

• Displacement of facial nerve in relation to lesion and facial 

nerve outcome. 
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 METHODOLOGY 

  

The study was initiated after obtaining institutional review board 

approval. We included a total of 35 consecutive patients, operated on 

between May 2019 to July 2021. Prospective study and analysis were 

done of 35  patients who underwent surgery till July 2021. Patients of 18 

to 60 years of ASA grade I and II, posted for elective vestibular 

schwannoma excision based on preoperative MRI. 

 

Number- The sample size of 35 was taken for this prospective 

observational study. They were recruited from the elective neurosurgical 

operation theatre list.  

 

Extent/Degree of Resection (EOR)-The degree of resection is 

classified as gross total resection(GTR), near-total resection (NTR), and 

subtotal resection (STR).GTR was performed only if a clear plane of 

dissection was available in arachnoid plane while doing surgery. NTR- 

defined as remnants of IAC tumour or tumour adhering to the facial 

nerve or brain stem. STR- defined as resection of less than 95% of the 

tumour. 

 

All surgeons went for surgery with the intent to achieve GTR, but 

radical extirpation was avoided while intraoperative monitoring of facial 

nerve or vital signs disturbances is seen further. STR and NTR were 

planned preoperatively in patients only with advanced age and medical 

co-morbidities.EOR was decided with the help of follow up CECT on 

POD 1 as per institute protocol. 
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Clinical assessment of facial nerve:- facial nerve was assessed with the 

help of House Brackmann grading system and taste sensation was 

assessed in the anterior 2/3rd of the affected side of the tongue. 

 

Electrophysiological monitoring- The interruption of dissection of 

facial nerve from the tumour was done at 50% of the response of the 

nerve to a supramaximal stimulation (0.8 mA) at the brainstem 

associated with strong adherence of tumour to the 7th cranial nerve. 

These criteria are based on an earlier study by the Mayo clinic showing 

the usefulness of interrogating intraoperative 7th cranial nerve function 

to predict which patient will ultimately have good facial nerve function. 

Eight Channels FN monitoring (NIM, Medtronic) was used for 

electromyography, and response taken into consideration were the 

highest amplitude response of the 8 channels. The difference between 

electrode impedance was less than 1Ω, and the FN was electrically 

stimulated by a monopolar probe with a 0.5 mm tip. Square current 

waves with 100 msec duration at 4Hz frequency were applied as 

stimulation. Electrophysiological monitoring was done with the 

placement of electrodes over frontalis muscle, orbicularis oculi, 

orbicularis oris and lateral pterygoid muscle.  

 

Surgical Procedure – All patients were operated in the supine position 

under GA through retro sigmoid approach. For all patients no 

premedication was given, Induction done with injection propofol (2 mg 

/kg), injection fentanyl (2 micrograms/kg), and atracurium (0.5 mg/kg) 

before endotracheal intubation. To avoid confounding 

electrophysiological issues, anaesthesia was maintained during the 

procedure with an intravenous infusion of propofol by TIVA and 
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Fentanyl infusion (1-2 microgram/kg/hr), and Neuromuscular 

monitoring was is done after achieving TOF 75% with the infusion of 

atracurium 0.5mg/kg/min. Ventilation was done with 02 : Air = 50 % : 

50 %. Body temperature was kept between 36 degrees centigrade and 37 

degrees centigrade with a blanket. Mean blood pressure was maintained 

between 65 and 75 mm of Hg and end-tidal CO2 between 30 to 35 mm 

of Hg to preserve brain perfusion. After opening the dura mater, the VS 

was initially de-bulked intratumorally with normal capsule preservation. 

The FN was stimulated supramaximally using 0.8 mA stimulating 

current and the peak response obtained from the channel having the 

greatest amplitude was recorded as a baseline. Then FN dissection was 

started laterally and tumour resection was done under the constant visual 

observation of the FN. When FN was adherent to the lesion, proximal 

supramaximal stimulation was regularly performed after each piece of 

tumour was removed and dissection was interrupted if there is a loss of 

response is close to 50% associated with adherence of the lesion to the 

FN with interruption of the pial plane of FN. This method of dissection 

was only used in the patients with an adherent FN, if the dissection is 

straightforward, this method was not used and GTR was performed. 

After identification of FN current was reduced to 0.2 mA and further to 

0.05 mA while putting probe over the FN itself.    

 

Eligibility Inclusion criteria: 

• Patients posted for elective vestibular schwannoma 

excision based on preoperative MRI.  

• Age 18-60 years.  
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• ASA grades I and II. (inclusion of higher grade will cause 

difficulty in the clinical assessment of facial nerve in the 

post-op period due to co-morbidities). 

• Patient with pre-operative House Brackmann grading of 

facial nerve I and II. 

 

Exclusion  criteria :  

• Patient refusal for study.  

• Age less than  18 years and more than 60 years.  

• ASA grades  III and IV  

• Proptosis  

• H/o eye/facial  injury  

• H/o facial  nerve  palsy  

• H/o previous  surgery  of CP  angle  lesion  

• Any requirement of Post-op RT/or  h/o pre-op GKS.  

• Any patient with pre-op  House  Brackmann  grading  of 

the facial nerve is more than and equal to  III. 

 

Statistical analysis: Data was manually entered into the proforma.  

Analysis was done by the investigators.  It was not analysed to 

understand caste,  class,  ethnicity,  race differentials.  Data were 

analysed with IBM  SPSS Statistics for  Windows,  version  23.0  (IBM  

Corp.).  Descriptive statistics were used to analyse patient 

demographics, presenting symptoms, perioperative complications and 

tumour characteristic. Continuous variables were described as mean,  

median and interquartile ranges,  as appropriate,  and categorical 

variables were presented as frequencies. 
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Surgical procedures-  Prior to the definitive surgery, anesthetic 

considerations were taken, aiming at optimum cerebellar relaxation. 

Propofol was the preferred anesthetic agent; it does not interfere with 

monitoring techniques. A short-act muscle relaxant sufficient for 

intubation was given. Park-bench/ Lateral position was the preferred 

position for all of the patients. 

 

In the present study, all the cases were operated by retrosigmoid 

approach with lateral position. In our series, using retro-sigmoid 

approach alone visualization of tumor–brainstem interface and facial 

nerve preservation could be possible even in giant sized tumors with out 

much difficulty. 

 

Steps  in retro-sigmoid  approach-    

 

Position  -Modified  park  bench (Lateral decubitus position) 

 

Fig 2 .  Lateral  decubitus  position 

 

➢ Vertically  oriented  "S"shaped  incision  4  cm  posterior  to  the  

ear  canal  is made. 
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➢ Small  craniectomy  is  performed,  anterior  and  superior  limits  

of  the craniotomy  are  the  sigmoid  and  transverse  sinuses,  

respectively. Laterally  exposed  mastoid  air  cells  near  the  

sigmoid  sinus  are  occluded with  bone  wax  to  prevent  

transgression  of  CSF. 

➢ The  dura is  then  opened  and  reflected. 

➢ Cisterna  magna  is  opened  to  release  the  CSF  which  

maximizes posterior  fossa  relaxation  and  minimizes  the  need  

to  retract  the cerebellum. 

➢ Once  adequate  exposure  has  been  obtained,  the  tumor  is  

clearly visualized  along  with  the  brainstem  and  lower  cranial  

nerves.  The  facial nerve  is  displaced  anteriorly  and  superiorly  

in  the  cerebellopontine angle.  The  tumor  displaces  the  

trigeminal  nerve  upward  and  the glossopharyngeal and  vagus 

nerves downward. 

➢ The  arachnoid  over  the  tumor  can  be  stripped  away  without  

coagulation,  it provides  not  only  the  best  plane  for  dissection  

but  also  a  protective  barrier  for the  cranial nerves and  their  

small  feeding  vessels. 

➢ After  peeling  away  the  arachnoid,  a  non stimulating  area  on  

the  posterior tumor  is  coagulated  with  bipolar  cautery  and  

opened  with  microscissors  and specimens  are sent  for  

pathologic study. 

➢ Debulking  of  the  tumor  is  the  next  step  and  must  be  

carefully  performed under  an  operating  microscope,  using  

micro  dissecting  instruments,  so  as  to maintain  the  anterior  

portions  of  the  capsule  if  injury  to  cranial  nerve  VII  and/or 

VIII  are  to  be  avoided. 
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➢ Depending  on  the  size  of  the  tumor,  this  process  of internal  

decompression  followed  by  dissection  and  inward  rolling  the  

capsule may  need  to  be  repeated  several times. 

➢ Once  the  tumor  has  been  substantially  debulked,  the  

posterior  wall  of the  internal  auditory  canal  can  be  removed  

using  a  high-speed  drill. Great  care  must  be  taken  to  avoid  

injuring  the  labyrinth  while  removing the  posterior  wall  of  

the  internal  auditory  canal.  Drilling  continues  until the  dura  

is  seen.  Drilling  is  stopped  before  the  lateral  edge  of  tumor  

is reached. 

➢ Once  the  internal  auditory  canal  is  exposed,  the  dura  is  

opened  and  the tumor is removed  from  it.  The  superior  

vestibular  nerve,  inferior  vestibular  nerve,  and  tumour  are 

identified  in  the  posterior  aspect  of  the  canal.  Gentle  

retraction  of  the  superior vestibular  nerve  reveals  the  facial  

nerve,  which  is  identified  physiologically  with a  stimulator  at  

minimal  settings  (0.05  mA).  The  vestibular nerves  are  

sectioned laterally,  and  tumour  dissection  is  performed  in  the  

plane  between  the  tumour and  the  facial  and  cochlear  nerves 

in  a  lateral to  medial  fashion.    

➢ Once  the  tumour  dissection  is  complete,  bone  surrounding  

the  lAC  is sealed  with  bone  wax  and  fibrin  glue.  

➢ Eventually,  the  surgeons  left  with  the  anterior  portions  of  

the  capsule adhered  to  the  brainstem  and  cranial  nerve  VII.  

As  the  tumor  capsule  is carefully  removed  from  the  

brainstem,  the  root  entry  zone  of  cranial nerve  VII  can  be  

identified.  The  capsule  is  then  carefully  removed  from the  

facial  nerve  with  as  little  trauma  as  possible.  The  facial  
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nerve monitoring  is  of  great  help  in  this  portion  of  the  

dissection  to  preserve the  facial nerve. 

➢ All  the  lower  cranial  nerves  and  draining  veins  are  

preserved.  Good hemostasis is secured,  dura closed with 

pericranial patch  and  wound  closed  in  layers. 

 

Advantages  -  

• No  tumour  size  limitation,  can  be  applied  to  all  

acoustic tumors. 

• Hearing  preservation  possible. 

• Best  wide-field  visualization  of  the  posterior  fossa. 

• Auditory  brainstem  implant  placement  possible 

• Consistent  facial  nerve  identification.  

 

Disadvantages - 

• Limited  exposure  of  lateral lAC 

• Intradural drilling 

• Postoperative  headaches 

• Cerebellar retraction 

• Facial  nerve  identification  is relatively  late  in  the  

dissection. 

 

Electrode positioning - Two electrodes were used subdermally for the 

orbicularis oculi muscle (at the lateral aspect of the orbit), another two 

electrodes for the orbicularis oris muscle at the corner of the mouth, and 

one electrode at the forehead. These steps, together with the 
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setup of the device settings, were carried out by the 

electrophysiology team. Surgical procedure was carried out as classic 

suboccipital craniectomy. After durotomy and tumor identification, the 

stimulating electrode was applied to the posterior capsule. We started by 

pulsed stimulation using monopolar electrode, and at the same time, the 

electrophysiology team enabled an intensity of 0.8 mA  threshold 

initially before decompression of lesion and lowered the intensity to 0.2 

and than finally to 0.05 mA while checking the facial nerve integrity at 

the end of surgery.  

Fig 3:- Insertion of IONM electrode 

 

Interpretation of the neurophysiological monitoring responses- At 

the first stage, the action potential response of the stimulated muscle(s) 

was recorded. The second step was that we started by central debulking. 

During the procedure of central debulking then separation of the capsule 

from the nerve or from the brainstem, we were notified by the 

electrophysiology team if there are recorded responses (train or burst 

types), either from individual muscle or all muscles. Immediately, we 

had stopped our procedure till disappearance of the response waves. We 

considered that persistence of the train response for more than 4 min 

denoted expected injury. Because of our strategy to preserve the 
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functional integrity of the nerve, we decided to remove the neoplastic 

tissue as much as possible provided that there are no recorded waves. In 

the last step, before dural closure, we tried to stimulate at the region 

where the nerve exits the brain stem and at the region of entry into the 

internal acoustic meatus. If there was a recorded response using the 

baseline stimulus, we expected that the nerve is functionally intact while 

if the intensity needed had to be increased, then weakness was expected. 

If no response, an injury was predicted. 
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RESULTS 

1. Demographic Details : 

35 patients were enrolled in the study. The mean age was found to be 

47.94 + 12.44 years. The range of age of enrolled patients was 17 to 65 

years. Majority of enrolled patients were females (n=23) as shown in 

figure 5.1. Table 5.1 gives the demographic details of study. 

 

Table 5.1: Demographic details in study 

Parameter assessed Calculated value 

Mean age (+ SD) (years) 47.94 + 12.44 

Minimum age (years) 17 

Maximum age (years) 65 

Median age (years) 50 

Number of males 12 

Number of females 23 
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Figure 5.1: Gender distribution of patients
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Majority of the enrolled patients in the study belonged to the age group 

of 41-60 years (n=21), followed by 21-40 years age group (n=8). 

(Figure 5.2). 

 

 

  

1
8
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5

Figure 5.2: Age-wise distribution of patients

<20 years 21-40 years 41-60 years >60 years
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2. IAC Canal extension and drilling: 

In the study, 31 of the 35 enrolled patients had IAC canal extension. 25 

of the 35 enrolled patients underwent IAC drilling in the study, as 

mentioned in table 5.2 below.  

 

Table 5.2: IAC Canal extension and drilling in study 

 Yes No 

IAC Canal 

extension 

31 (88.57%) 4 (11.43%) 

IAC Drilling 25 (71.43%) 10 (28.57%) 

 

3. Hydrocephalus and shunt status: 

15 of the 35 patients suffered from hydrocephalus in the study. Of these 

15, 6 patients (40% of the hydrocephalus patients) underwent shunt 

placement in the study, as mentioned below in table 5.3.  

 

Table 5.3: Hydrocephalus and Shunt status in study 

 Yes No 

Hydrocephalus 

present? 

15 (42.86%) 20 (57.14%) 

Shunt placed? 6 (17.14%) 29 (82.86%) 

Of the 6 patients having shunts placed, pre-operative shunt placement 

was done in 5 patients while 1 patient had it done post-operatively. 

(Table 5.3) 
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4. Clinical symptoms in study: 

The first symptom noted most in the study was hearing loss (n=26), 

followed by headache and vomiting (n=4), while 2 patients had gait 

disturbance (n=2). (Table 5.4) 

 

Table 5.4: First symptom noted in patients 

First Symptom Number of patients 

Gait disturbance 2 (5.71%) 

Hearing loss 26 (74.29%) 

Headache and vomiting 4 (11.43%) 

Others 3 (8.57%) 

 

5 1

29

Figure 5.3: Shunt placement status of enrolled 
patients

Pre-operative Post-operative No shunt
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5. Duration of Symptoms: 

The mean duration of symptoms in the study was found to be 37.51 + 

45.32 months. The median duration was noted to be 12 months, with a 

range of 2 months to 216 months. (Table 5.5)  

Table 5.5: Duration of Symptoms (months) 

Parameter assessed Calculated value 

Mean duration of symptoms (months) 37.51 + 45.32 

Median duration of symptoms 

(months) 

12 

Minimum duration of symptoms 

(months) 

2 

Maximum duration of symptoms 

(months) 

216 

6.     Distribution of patients based on Duration of Symptoms: 

Majority of the patients in the study were found to be suffering from 

clinical symptoms from less than one year (n=18). 10 patients suffered 

from symptoms from more than 5 years. (Table 5.6) 

 

Table 5.6: Distribution of patients based on Duration of 

Symptoms  

Duration of symptom Number of patients 

<1 year 18 (51.43%) 

1 year to 5 years 7 (20%) 

>5 years 10 (28.57%) 
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7. Per-operative electrophysiological and anatomical 

preservation: 

32 of the 35 enrolled patients were electrophysiologically preserved per-

operatively while 34 of the 35 enrolled patients were anatomically 

preserved per-operatively (Table 5.7).  

 

Table 5.7: Per-operative electrophysiological and anatomical 

preservation status in study 

 Yes No 

Electrophysiological 

preservation 

32 (91.43%) 3 (8.57%) 

Anatomical preservation 34 (97.14%) 1 (2.86%) 

8. Pre-operative MRI Findings: 

27 of the 35 enrolled patients suffered from solid lesions while 3 

patients had cystic lesion on MRI. 5 patients had both solid plus cystic 

lesion on MRI assessment. (Table 5.8) 

 

Table 5.8: Nature of lesions on MRI 

Nature of lesion Number of patients 

Solid 27 (77.14%) 

Cystic 3 (8.57%) 

Solid plus Cystic 5 (14.29%) 
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9. Facial nerve displacement: 

22 of the 35 patients enrolled had facial nerve displacement in the 

antero-superior quadrant on MRI. 11 patients had the displacement in 

the antero-inferior quadrant on MRI evaluation (Table 5.9).  

 

Table 5.9: Facial nerve displacement on MRI  

Displacement Number of patients 

Antero-inferior 11 (31.43%) 

Antero-superior 22 (62.86%) 

Postero-superior 1 (2.86%) 

Postero-inferior 1 (2.86%) 
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10. Facial nerve outcome assessment on follow-up: 

Pre-operatively, majority patients (n=31/35) had grade 1 eye closure. 

Post-operatively, 17 patients had grade 1 eye closure on day 2 or 3, 18 

patients had grade 1 eye closure at 1 month follow-up while 20 patients 

had grade 1 eye closure at 3 months follow-up. At the 3-month follow 

up, 9 patients had either grade 3 or grade 4 eye closure (Table 5.10).  

 

Table 5.10: Facial nerve outcome assessment for eye closure 

 Time of Assessment 

Post-op (day 2 

or 3) 

Post-op  

1 month 

Post-op  

3 months 

Grade 1 17 (48.57%) 18 (51.43%) 20 (57.14%) 

Grade 2 5 (14.29%) 6 (17.14%) 4 (11.43%) 

Grade 3 8 (22.86%) 5 (14.29%) 5 (14.29%) 

Grade 4 5 (14.29%) 5 (14.29%) 4 (11.43%) 

Grade 5 0 0 1 (2.86%) 
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11. Facial nerve outcome assessment: 

Pre-operatively as well as post-operatively on follow-ups, majority 

of the patients in the study had taste sensation present. Pre-

operatively, 4 patients had taste sensation absent while 7 patients at 

3-month follow-up had absent taste sensation (Table 5.11A).  

 

Table 5.11A: Facial nerve outcome assessment for taste sensation 

 Time of Assessment 

Post-op (day 2 

or 3) 

Post-op  

1 month 

Post-op  

3 months 

Present 23 (65.71%) 27 (77.14%) 27 (77.14%) 

Absent 12 (34.29%) 7 (20%) 7 (20%) 

 

Pre-operatively, 25 of the enrolled patients in study had grade 1 mouth 

weakness, while none of the patients had grade 4 or grade 5 mouth 

weakness. Post-operatively on day 2 or 3, 9 patients had grade 1 level 

mouth weakness, while 8 patients had grade 4 level mouth weakness. 

Post-operatively at 1 month follow-up, 14 patients had grade 1 mouth 

weakness, 9 patients had grade 2 mouth weakness, 5 patients had grade 

3 mouth weakness, 4 patients grade 4 and 2 patients had grade 5 mouth 

weakness. Post-operatively at 3 months follow-up, 15 patients had grade 

1 mouth weakness, 10 patients had grade 2 mouth weakness, 4 patients 

had grade 3 mouth weakness, 2 patients grade 4 and 3 patients had grade 

5 mouth weakness. (Table 5.11 B) 
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Table 5.11 B: Facial nerve outcome assessment for mouth weakness 

 Time of Assessment 

Post-op (day 2 

or 3) 

Post-op  

1 month 

Post-op  

3 months 

Grade 1 9 (25.71%) 14 (40%) 15 (42.86%) 

Grade 2 10 (28.57%) 9 (25.71%) 10 (28.57%) 

Grade 3 8 (22.86%) 5 (14.29%) 4 (11.43%) 

Grade 4 8 (22.86%) 4 (11.43%) 2 (5.71%) 

Grade 5 0 2 (5.71%) 3 (8.57%) 

 

Pre-operatively, 28 of the enrolled patients in study had grade 1 

forehead movement, 5 patients had grade 2 while 2 patients grade 3 

forehead movement. None of the patients had grade 4 or grade 5 

forehead movement pre-operatively. Post-operatively on day 2 or 3, 15 

patients had grade 1 level forehead movement, 9 patients had grade 2, 4 

patients had grade 3, while 7 patients had grade 4 level forehead 

movement. Post-operatively at 1 month follow-up, 16 patients had grade 

1 forehead movement, 7 patients had grade 2 forehead movement, 5 

patients had grade 3 while 4 patients grade 4 and 2 patients had grade 5 

forehead movement. Post-operatively at 3 months follow-up, 17 patients 

had grade 1 forehead movement, 8 patients had grade 2, 4 patients had 

grade 3, 2 patients grade 4 and 3 patients had grade 5 forehead 

movement. (Table 5.11C) 
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Table 5.11C: Facial nerve outcome assessment for forehead movement 

 Time of Assessment 

Post-op (day 

2 or 3) 

Post-op  

1 month 

Post-op  

3 months 

Grade 1 15 (42.86%) 16 (45.71%) 17 (48.57%) 

Grade 2 9 (25.71%) 7 (20%) 8 (22.86%) 

Grade 3 4 (11.43%) 5 (14.29%) 4 (11.43%) 

Grade 4 7 (20%) 4 (11.43%) 2 (5.71%) 

Grade 5 0 2 (5.71%) 2 (8.57%) 
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12. Facial nerve function status at last follow-up in comparison to 

pre-operative status: 

The facial nerve function at last follow-up was compared to pre-

operative status. For eye closure, 23 patients had similar status, 1 patient 

had better function while 11 patients worsened on last follow-up. For 

taste sensation, 23 patients had similar status, 7 patients had better 

function while 5 patients worsened on last follow-up. For mouth 

weakness as well as forehead movement both, 16 patients had similar 

status, 3 patients had better function while 16 patients worsened on last 

follow-up. (Table 5.12) 

 

Table 5.12: Facial nerve function status at last follow-up in comparison 

to pre-operative status 

 Same as pre-op Better than pre-

op 

Worse than pre-op 

Eye closure 23 (65.71%) 1 (2.86%) 11 (31.43%) 

Taste sensation 23 (65.71%) 7 (20%) 5 (14.29%) 

Mouth weakness 16 (45.71%) 3 (8.57%) 16 (45.71%) 

Forehead 

movement 

16 (45.71%) 3 (8.57%) 16 (45.71%) 
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13. Relation of symptom duration with facial nerve outcome : 

 

Table 5.13: Comparison of mean symptom duration between those 

having stable or better outcome and worse outcome (facial nerve 

function) 

 Stable or better 

function at last follow-

up 

Worse function at 

last follow-up 

P value 

Eye closure 30.92 + 32.91 51.90 + 64.51 <0.01* 

Taste sensation 39.6 + 48.11 35 + 31.19 0.32 

Mouth weakness 29.68 + 28.52 46.81 + 59.24 <0.01* 

Forehead 

movement 

28.61 + 27.45 47.79 + 53.67 <0.01* 

P value < 0.05 considered significant by unpaired t test 

 

The subgroup of patients having worse outcomes for eye closure, mouth 

weakness and forehead movement at last follow-up had a significantly 

greater duration of symptoms (p<0.05) in comparison to the group of 

patients having stable or better outcome at last follow-up.  

  



 

44 

 

14. Extent of resection and its impact on outcome: 

18 of the 35 enrolled patients underwent gross total resection (GTR) in 

study. 14 patients underwent near total resection while 3 patients 

underwent subtotal resection (Table 5.14).  

 

Table 5.14: Distribution of patients based on extent of resection 

 Number of patients 

Gross total resection (GTR) 18 (51.43%) 

Near total resection (NTR) 14 (40%) 

Subtotal resection (STR) 3 (8.57%) 
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The extent of resection had no significant association with the outcome 

of facial nerve assessment at the final follow-up (p>0.05). (Table 5.14.1) 

 

Table 5.14.1: Association between EOR type and the patient 

outcome of facial nerve function at last follow-up 

Function 

assessed 

EOR  Stable or 

better 

function at 

last follow-up 

Worse function 

at last follow-up 

P value 

Eye closure GTR 12 6 0.98 

NTR or STR 12 5 

Taste 

sensation 

GTR 16 2 0.65 

NTR or STR 14 3 

Mouth 

weakness 

GTR 10 8 0.99 

NTR or STR 9 8 

Forehead 

movement 

GTR 10 8 0.99 

NTR or STR 9 8 

P value >0.05 considered not significant by chi-square test 
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15. Association between nature of lesion and the patient outcome 

of facial nerve function: 

Nature of lesion on MRI and its association with facial nerve functional 

outcome: 

The nature of lesion on MRI evaluation had no significant association 

with the outcome of facial nerve assessment at the final follow-up, for 

any of the function evaluated (p>0.05). (Table 5.15) 

 

Table 5.15: Association between nature of lesion and the patient 

outcome of facial nerve function at last follow-up 

Function 

assessed 

Nature of 

lesion (MRI) 

Stable or 

better 

function at 

last follow-up 

Worse 

function at 

last follow-up 

P value 

Eye closure Solid 20 7 0.22 

Cystic 4 4 

Taste 

sensation 

Solid 22 5 0.31 

Cystic 8 0 

Mouth 

weakness 

Solid 15 12 0.99 

Cystic 4 4 

Forehead 

movement 

Solid 15 12 0.99 

Cystic 4 4 

P value >0.05 considered not significant by chi-square test 
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16. Operative blood loss and its relationship with facial nerve 

functional outcome: 

The mean blood loss in the study was noted to be 1182.86 + 545.29 ml. 

The range of blood loss noted in the study was 400 ml to 2600 ml. 

(Table 5.16) 

Table 5.16: Blood loss during surgery (ml) 

Parameter assessed Calculated value 

Mean blood loss 1182.86 + 545.29 

Median blood loss 1200 

Minimum blood loss 400 

Maximum blood loss 2600 

 

 

Table 5.16.1: Association of Blood loss with size of lesion 

Size of lesion Mean blood loss 

2-3 cm (n=7) 685.71 + 600 

3-4 cm (n=19) 1178.95 + 597.75 

>4 cm (n=9) 1366.67 + 357.07 

P value <0.01* 

P value < 0.05 considered significant by one-way ANOVA test 

As mentioned in table 5.16.1 above, the mean blood loss increased with 

an increase in size of lesion. The difference between the different sub-

groups divided based on size of lesion was statistically significant 

(p<0.05).  
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17. Comparison of mean symptom duration between those having 

stable or better outcome and worse outcome: 

The subgroup of patients having worse outcomes for eye closure, 

mouth weakness and forehead movement at last follow-up had a 

significantly greater blood loss during surgery (p<0.05) in 

comparison to the group of patients having stable or better outcome 

at last follow-up.  

 

Table 5.17: Comparison of mean symptom duration between those 

having stable or better outcome and worse outcome (facial nerve 

function) 

 Stable or better 

function at last follow-

up 

Worse function at 

last follow-up 

P value 

Eye closure 1079.16 + 591.22 1409.09 + 353.43 <0.01* 

Taste sensation 1186.67 + 573.39 1160 + 378.15 0.54 

Mouth weakness 1078.94 + 612.44 1406.25 + 440.41 <0.01* 

Forehead 

movement 

1078.94 + 612.44 1406.25 + 440.41 <0.01* 

P value < 0.05 considered significant by unpaired t test 

 

18. Final outcome based on the size of lesion: 

Patients having lower size of lesion was found to be having lower grade 

of facial nerve functional outcome dysfunction, indicating better 

outcomes for patients with lower size of lesion. On the contrary, 
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majority patients with higher lesion size had a higher grade of functional 

outcome dysfunction at final follow-up, indicating that possibly higher 

size of lesion have greater facial nerve functional loss (Table 5.18). 

 

Table 5.18: Final outcome based on the size of lesion 

Size of lesion Grade for final outcome at 3 months follow-up 

Absent Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 

Eye Closure 

2-3 cm (n=7) - 5 1 1 0 0 

3-4 cm 

(n=19) 

- 13 1 2 2 1 

>4 cm (n=9) - 2 2 2 2 0 

Taste Sensation 

2-3 cm (n=7) 0 7* - - - - 

3-4 cm 

(n=19) 

4 15* - - - - 

>4 cm (n=9) 3 5* - - - - 

Mouth Weakness 

2-3 cm (n=7) - 3 3 1   

3-4 cm 

(n=19) 

- 11 3 2 1 2 

>4 cm (n=9) - 1 4 1 1 1 

Forehead Movement 
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2-3 cm (n=7) - 3 3 1 0 0 

3-4 cm 

(n=19) 

- 12 2 2 1 2 

>4 cm (n=9) - 2 3 1 1 1 

* Indicates presence of taste sensation, 1 patient with >4 cm lesion loss 

follow up and hence not evaluated 

 

In current study majority of cases were medium size and giant size of 

lesion. 07 patient out of 35 were between 2 to 3 cm, 19/35 were in size 

between 3 to 4 cm and 9/35 patients were giant lesion( > 4 cm). There 

were no lesion less than 2 cm of size was in current study. 

Eye Closure- 

Lesion size between 2 to 3 cm - 5/7 patient had grade 1 and one each 

had grade 2 and grade 3 as final out come of eye closure. 

Lesion Size between 3 to 4 cm – 13/19 patient had grade 1, 1 patient had 

grade 2, 2 patient had grade 3 and grade 4 each, 1 patient had grade 5 

eye closure as final out come. 

Lesion size > 4 cm – 2 out of 9 patient had grade 1,2,3,4 each and none 

of the patient had grade 5 eye closure deficit.   

Taste Sensation-  

Lesion size between 2 to 3 cm – all 7 patient had no loss of taste 

sensation post operatively. 

Lesion size between 3 to 4 cm – 4/19 patient had loss of taste sensation 

and 15 patient does not have any loss of taste sensation post operatively. 
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Lesion size > 4 cm – 3 out of 9 patient had loss of taste sensation and 5 

patient had no loss of taste sensation post operative period. 

Mouth weakness-  

Lesion size between 2 to 3 cm – 3 patients had grade 1 and 2 each and 1 

patient had grade 3 of mouth weakness in post operative period. 

Lesion size between 3 to 4 cm – 11/19 patient had grade 1, 3 patients 

had grade 2, 2 patient had grade 3, 1 patient had grade 4 each and 2 

patient had grade 5 of mouth weakness in post operative period. 

Lesion size > 4 cm – 1 out of 9 patient had grade 1, 4 patient had grade 

2 and 1 patient each had 3,4 and grade each and none of the patient had 

grade 5 eye closure deficit. 

Forehead Movement-  

Lesion size between 2 to 3 cm – 3 patients had grade 1 and 2 each and 1 

patient had grade 3 of forehead movement in post operative period. 

Lesion size between 3 to 4 cm – 12/19 patient had grade 1, 2 patients 

had grade 2 and grade 3 each, 1 patient had grade 4 and 2 patient had 

grade 5 forehead movement in post operative period. 

Lesion size > 4 cm – 2/9 patient had grade 1, 3 patient had grade 2 and 1 

patient each had 3,4 and grade 5 in post operative period. 

 

19. Final outcome based on IAC Drilling in surgeries done by 

single surgeon of department: 

On analysing the final follow-up outcome based on IAC Drilling in 

surgeries done by single surgeon, who has massive experience, it was 

found that no major difference in final outcome of facial nerve was 
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noted in  between those who had IAC drilling and those who did not 

undergo IAC drilling however with drilling better extent of resection 

was achieved (table 5.19).  

 

Table 5.19: Final outcome based on the IAC Drilling (n=24/25) one 

patient lost follow up 

IAC 

Drilling 

status 

Grade for final outcome at 3 months follow-up 

Absent Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 

Eye Closure 

IAC 

Drilling not 

done (n=4) 

- 3 0 1 0 0 

IAC 

Drilling 

done (n=21) 

- 11 2 5 2 0 

Taste Sensation 

IAC 

Drilling not 

done (n=4) 

1 3*=present - - - - 

IAC 

Drilling 

done (n=21) 

3 17*=present - - - - 

Mouth weakness 

IAC - 2 1 1 0 0 
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Drilling not 

done (n=4) 

IAC 

Drilling 

done (n=21) 

- 9 5 2 2 2 

Forehead Movement 

IAC 

Drilling not 

done (n=4) 

- 2 1 1 0 0 

IAC 

Drilling 

done (n=21) 

- 11 3 2 2 2 

* Indicates presence of taste sensation, 1 patient with IAC drilling lost 

follow up and hence not evaluated 
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DISCUSSION 
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 DISCUSSION 

Vestibular schwannoma surgery and use of IONM is well established 

technology used in neurosurgery, how ever prospective studies in this 

regard are very less in number and to access the real data in India were 

missing, the aim of this prospective observational study was to establish 

the Indian data for the purpose of establishing our own facts for future 

references.  

 

The aim of current study is to evaluate whether the use of 

electrophysiology can help to increase the extent of resection while 

preserving good postoperative facial nerve function in the case of 

difficult surgical scenario while dissecting the facial nerve from the 

tumour.  

 

Previously multiple studies evaluated pre/per and post-operative 

predictors of long-term facial nerve outcomes. Most common factors are 

noticed for predicting worse postoperative facial nerve outcomes 

include large tumour size, medial(cisternal) location, per-op nerve 

manipulation, neurophysiologic monitoring feedback, immediate 

postoperative HB grade, and the presence of preoperative facial nerve 

palsy.  
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Surgical experience often allows the complete removal of large 

vestibular schwannomas with functional preservation of the facial nerve, 

and its remains the one of the best treatment because it is definitive. In 

contrast, to get normal postoperative facial function, partial resection 

have been advocated since the reports of  Cushing. Formerly published 

literature analysis showed that near total resection is optimal in cases 

were the facial nerve is in peril while resection (dense adhesion with 

poor plane between the nerve, pia-mater, and tumor). By using partial 

resection strategy the patient should be able to retain normal facial 

function with a very small tumour remnant, but this residue will require 

additional treatment by stereotactic radiosurgery. (higher risk of FN 

palsy)  

 

Postoperative recovery of FN function is recorded wide variation in 

previous studies, with improvement over the course of weeks to years. 

This certainty made FN function the core of many studies; however, 

clinical characteristics and prognostic factors continue to be defined 

recovery of nerve function depends on the recovery of axonal stretch 

injury, strengthening of remaining motor synapses at the neuromuscular 

junction, and even cortical reorganisation and sensorimotor reintegration 
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processes. In present era electrophysiological monitoring capabilities 

fail to predict which patients will be left with “poor” facial function 

after surgery (HB grade IV or worse), which is not allowing to  the use 

of these devices for per-optative decision-making considering definitive 

correction as neural grafting techniques.  

 

Only few articles and data comprise the timeline of recovery for 

patients with preoperative palsy, and the prognosis of facial nerve 

function in these patients. “An early report by Neely and Neblett in 

1983 described three patients with preoperative FN palsy. All three of 

these patients with preoperative palsy had HB grade VI facial nerve 

function postoperatively”. However, this finding is likely due to the 

historical nature of this study and its not true representation of facial 

nerve outcomes in the current era of advanced microsurgical resection 

techniques. “Inamasu described in 2000,  02  patients with preoperative 

HB grade II facial palsy, both of them remained stable at 6-month 

follow-up”. In view of Pandemic we are unable to achieve the number 

required for long term follow up and no conclusion could me made, 

however its notice that that recovery of facial nerve can be seen even in 

first 3 months of  post operative period if the nerve is well preserved 

electrophysiologically and anatomically. 
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The Facial nerve displacement is more common in anterior part of 

lesion, while doing surgery we should consider the pre operative 

imaging to read the position of the facial nerve in respect to the lesion 

and we should planed the surgery and decompression of lesion 

according to the displacement of the facial nerve. In Current study 33 

patient out of 35 were having facial nerve displacement anteriorly and 

out which 11(31.43%) patient were having anterio-inferiorly  and 22 

(62.86%) were having anterio-inferiorly. Only 2 patient out of 35 were 

having posterior displacement of facial nerve. With this findings we can 

consider the early decompression of lesion as posterior aspect and 

reduce the risk of facial nerve injury. 

 

In this present study, 28/35 patients had either a large or giant 

sized VS. Majority of our patients sought medical attention at a stage 

when they developed disabling  hearing loss (74.29%) and/or the 

symptoms of raised intra-cranial pressure. Pre-operative VP shunt was 

not required in majority of the patients, but few patients reported late 

with signs of raised intra-cranial pressure and underwent shunt 

procedures. In the present study the pre-operative shunt was done in 5 

patients before definitive surgery and 01 patient in post operative period 
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underwent shunt placement. The incidence of preoperative shunt was 

only 17.14%  however it was noticed in literature as high as 66% in the 

series reported by Ramamurthi et al.  

 

Gross total resection of  tumor was achieved in 51.43% (18/35) 

and Near total resection was achieved in 40% (14/35) of the patients. 

“Yamakani  reported complete tumor excision in 86% patients by retro-

mastoid approach for large acoustic tumors”. “Lanman reported a higher 

rate (96.3%) of total removal by the trans-labrynthine approach”.[31]  

Ebersold [32] achieved total tumor resection in 97.2% (249/256) by 

retro-mastoid approach for tumors of all sizes. Samii [16] reported 

complete excision in 97.9% patients by sub-occipital trans-meatal 

approach. 

 

Anatomical preservation of facial nerve was achieved in 97.14 % 

(34/35) of patients and electrophysiologically preservation was done in 

91.43% (32/35) of patient. In previously published literatures the 

anatomical preservation rate is 80-90% with the removal of large tumors 

either by the trans-lybrinthine approach[31,34,35] or by the retro-

mastoid approach.[33,36] Other authors have reported the anatomical 

preservation of the facial nerve for tumors > 4 cms ranging from 89% to 
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92% by trans-labyrinthine approach[37-40] and 78%-94% by sub-

occipital-retro-sigmoid approach [36,40] Samii and Matthias reported 

preservation rate of 87% with tumor size >3 cm until 1988, but in most 

recent 200 cases preservation rates rose to 94% independent of tumor 

size.[40] According to Whittaker et al a surgeon operating less than 12 

cases per year cannot expect to get equal results of large series.  The  

tumour size, is one of the critical factors responsible for the preservation 

of the FN function, having a reciprocal relationship i.e. larger the size of 

tumor lesser the chances of preservations[31,36] was also observed in 

this present study. 

 

In our small series, 68% patients had stable to improved facial 

nerve outcomes after surgery. However preoperative facial nerve status 

may be more important for determining long-term outcome than 

immediate postoperative HB grade. 

 

Imaging characteristics and surgical goals must be carefully 

considered in these patients, and it is noteworthy that in this series the 

tumors were relatively large (mean: 3.76 cm), often solid. This current 

study also showed that tumour size is well associated to per-operative 

bleeding and final out come of the facial nerve. 
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          Single the most experience surgeon’s data was extracted from the 

study data and analysed separately in which comparison of drilling of 

IAC and removal of lesion with the lesion which were not extended to 

IAC and didn’t underwent drilling of IAC were compared. It’s a well 

established fact that drilling of IAC will cause more morbidity and risk 

of bleeding due to sinus injury and injury to nerve at IAC is more, 

however with this risk if we are able to remove the lesion from the IAC, 

than we will be able to achieve more clearance of lesion and low chance 

of residual with low risk of recurrence. With this intended  25 patient 

were taken for the surgery and out of which 24 were followed up to 3 

months. We were not able to find any deterioration of facial nerve 

outcome in comparison to other studies where no IAC drilling was done 

and complete removal of the lesion was not achieved. This analysis also 

suggested that with good experience there was similar facial nerve 

outcome can be achieved with more clearance of lesion with the drilling 

of IAC and removal of lesion. 

 

On the basis of above results, we recommend that a venture at 

gross-total resection should be pursued, but only in a prudent manner, 

with an acceptance of residual tumor in cases in which the tumor cannot 
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be safely dissected from the facial nerve. These are tough decisions that 

must be made per-operatively by experienced surgeons; however, even 

with subtotal resection, good decompression of the facial nerve and 

surrounding structures can be achieved. Patients with subtotal resection 

must be followed, and further treatment would come with a increased 

risk for facial nerve outcomes. 

 

Facial nerve preservation- In our study tumour size was significantly 

related to post-operatively facial nerve function. The correlation 

between the tumour size and postoperative outcome of facial nerve is 

accepted. In previous studies the incidence of facial nerve palsy was 

80% for the tumour size between 2 to 3cm in diameter and it was 46% 

in larger tumours greater than 3 cm in diameter. Tumour size is most 

important predictor of facial nerve palsy. In current study there were no 

significant difference seen between solid or cystic lesion excision and 

outcome of facial nerve (it was probably a small number in study), 

however  in previous studies suggestive of cystic lesion are having poor 

facial nerve outcome. Thus we recommend that NTR is good surgical 

strategy for cystic vestibular schwannoma, however if surgeon 

experience is good than we should go for maximal safe resection even in 

cystic lesions. 
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Limitation and drawbacks of study- 

Advantage- 

• Same type of treatment modalities used for all patient and 

surgeons goes for surgeries with intend to get maximum safe 

resection. (No heterogeneous treatment in series). 

• Pre-operative facial nerve palsy patient were also included in this 

series to find out the difference between pre op and post op palsy 

outcome differences. 

• Separate assessment of the components of facial nerve (Eye 

closure/Taste/forehead movement/deviation of angle of mouth) 

were done in this study to understand the various components of 

the HB grade of facial nerve palsy.  

 

Limitation- 

• Follow up is only 3 months. 

• In view of our institute being tertiary care centre, the size of 

lesion reported to this institute were more in the medium and 

giant category, so final out come of facial nerve is difficult to 

compare with previous studies. 
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• Time taken to achieve the number in this prospective study and 

follow up were severely affected by the current pandemic so 

follow up was not able to kept for longer period. 

 

• Further improvement of their facial function over a longer period 

cannot be ruled out.  

 

• It can be difficult to distinguish large vestibular schwannomas 

causing mass effect on the facial nerve from a true facial nerve 

schwannoma. The large size of these tumors might obscure their 

true nerve origin.  
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Various Studies and their result 

1st Author, 

year and 

country 

No of 

patient 

Mean 

age in 

year 

Gender MeanTumour 

Size in mm 

Approach EOR Preservation 

of 7th nerve  

Outcome in 

HB grading 

Vijendra K 

Jain 

India 

2021 

259 

(9 died 

on post 

op) 

11 to 78  M-151 

F- 108 

Giant (>40 

mm)-56% 

Large(25-

40mm)- 

41.3% 

Medium (10- 

25 mm)- 2.7% 

RSSO Complete 

removal in  

250 

patients 

(96.5%) 

79.2% 

(198/250) 

Giant- 76.5% 

Large- 

81.3% 

Medium- 

100% 

Grade1&2 

Giant- 21/69 

Large-31/67 

Medium-2/2 

 

Grade3&4 

Giant-36/69 

Large- 28/67 

Medium- 0/2 

 

Grade 5&6 

Giant-12/69 

Large-0/6 

Medium- 0/2 
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1st Author, 

year and 

country 

No of 

patient 

Mean 

age in 

year 

Gender MeanTumour 

Size in mm 

Approach EOR Preservation 

of 7th nerve  

Outcome in 

HB grading 

Chang S 

Canada 

2019 

434 49.1 M- 213 

F- 221 

26+/- 1 RSSO-

85% 

TLA-

7.3% 

MFA-

3.9% 

GTR- 83% 

NTR- 

9.0% 

STR-8.1% 

NA Grade1 & 2- 

96% 

Grade 3 & 4- 

4%  

Luciano 

Italy 

2020 

26 

(Cystic 

VS) 

53.5+/- 

12.9  

M- 15 

F- 11 

32 RSSO GTR & 

NTR -  

16/26 

STR- 9/26 

PR- 1/26 

- Grade1- 72% 

(18/26) 

Grade2– 6/26 

Grade3– 2/26 
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1st Author, 

year and 

country 

No of 

patient 

Mean 

age in 

year 

Gender MeanTumour 

Size in mm 

Approach EOR Preservation 

of 7th nerve  

Outcome in 

HB grading 

Ashraf 

Mohamed 

Egypt 

2019 

32 

(IONM-

100%) 

- M-10 

F- 22 

- - NTR- 

62.5% 

STR- 

37.5% 

- Grade 1- 

68.75% 

Grade 3 – 

6.25% 

Grade 4- 

12.5% 

Grade 6- 

12.5% 

Grade 2 and 

5- 0% 
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1st Author, 

year and 

country 

No of 

patient 

Mean 

age in 

year 

Gender MeanTumour 

Size in mm 

Approach EOR Preservation 

of 7th nerve  

Outcome in 

HB grading 

Ismail Taha 

Finland 

2019 

95 

(NTR+ 

CK radio 

Sx) 

54 M-37 

F- 58 

29.66+/- 15 RSSO GTR- 

Gr1&2- 

29.9% 

Gr3&4- 

28.6% 

Gr5&6 

33.3% 

NTR 

Gr1&2- 

60.3% 

Gr3&4- 

71.4% 

Gr5&6- 

46.7% 

 Grade 1&2- 

67% 

Grade3&4- 

16% 

Grade 5&6- 

17% 
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1st Author, 

year and 

country 

No of 

patient 

Mean 

age in 

year 

Gender MeanTumour 

Size in mm 

Approach EOR Preservation 

of 7th nerve  

Outcome in 

HB grading 

Huang X 

China 

2018 

103 47.5 M- 48 

F- 55 

32 NA NA Only intact 

included 

Grade1&2- 

76% 

Grade3&4- 

24% 

 

Muhammad 

Shaheryar 

Pakistan 

2018 

27 43 M- 18 

F-9 

>40 (in 

77.7%) 

30-40 (in 

33%) 

RSSO NA NA Grade 1&2- 

29.6% 

Grade 3&4- 

55.5% 

Grade 5- 

14.81 

Hong WM 

China 

2017 

105 

(IOM 

used in 

83.1%) 

48.7 M-41 

F- 64OF 

>30  (90.5%) RSSO  GTR- 

80.9% 

NTR- 

14.3% 

PR-4.8% 

95.3% Grade1&2- 

74.4% 

 

 



 

70 

 

1st Author, 

year and 

country 

No of 

patient 

Mean 

age in 

year 

Gender MeanTumour 

Size in mm 

Approach EOR Preservation 

of 7th nerve  

Outcome in 

HB grading 

Boublata L 

Algeria 

2017 

151 48.2 M-43 

F- 98 

31-60 RSSO GTR/NTR- 

82.6% 

STR-

13.9% 

PR- 3.3% 

89.6% Grade1&2- 

82% 

Grade3 &4 - 

12% 

Grade 5-6.6 

% 

 

Huang X 

China 

2017 

1167 

(IONM 

in 82%) 

47.5 M- 535 

F- 632 

>30 RSSO GTR- 

86.2% 

STR-

13.6% 

PR- 0.2% 

92.8% Grade1&2- 

87.9% 

Grade3&4-

11.6% 

Grade5&6- 

0.3% 

Huang X 

China 

2017 

657 46.8 M-368 

F-289 

>40 RSSO GTR- 

84.6% 

NTR- 

15.1% 

PR- 0.3% 

89.6 Grade1&2- 

55.8% 

Grade3 -

19.8% 

Grade4-6-  

24.4% 
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1st Author, 

year and 

country 

No of 

patient 

Mean 

age in 

year 

Gender MeanTumour 

Size in mm 

Approach EOR Preservation 

of 7th nerve  

Outcome in 

HB grading 

Bhimrao S 

Canada 

2016 

367 49 M- 178 

F- 189 

26+/- 10 RSSO- 

87% 

TLA- 

10% 

MFA- 3% 

STR-9% NA Grade1&2- 

95% 

Grade3&4- 

4.2% 

Grade5&6- 

0.6% 

 

Kunert P 

Poland 

2016 

212 < 50- 

121 

>50 -91 

M- 83 

F- 129 

30 RSSO- 

99% 

TLA- 1% 

GTR- 99% 

NTR- 1% 

84-94% Grade1-3- 

77% 

Grade 4-6- 

23% 

Nejo T 

Japan 

2016 

556 

D- 21 

ND- 535 

46 M- 246 

F- 310 

D-28 

ND- 24 

RSSO GTR & 

NTR- D- 

38.1%  

ND- 85.4% 

STR-8.1% 

D- 100% 

ND-99.4% 

Grade1&2- 

D- 95.2% 

ND- 97% 
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1st Author, 

year and 

country 

No of 

patient 

Mean 

age in 

year 

Gender MeanTumour 

Size in mm 

Approach EOR Preservation 

of 7th nerve  

Outcome in 

HB grading 

Zhang J  

China 

2015 

221 46.1 M-105 

F- 116 

>30 (82.8%) 

<30(17.2%) 

RSO NTR- 90% 

STR-10% 

NA Grade 1-3- 

82.8% 

Grade4- 

7.2% 

Grade5- 10% 

Liu SW 

China 

2015 

106 48 M- 40 

F-66 

>30  RSSO GTR- 

82.1% 

STR- 14% 

PR- 3.7% 

98.1% Grade1&2- 

79.3% 

Grade 3- 

20.8% 

Grade 4- 

0.9% 

 

Spector S 

Israel 

2015 

130 44.3 M- 54 

F- 76 

30+/- 11 NA GTR- 

76.1% 

STR-20% 

PR- 3.9% 

NA Grade1&2- 

83.1% 

Grade3&4-

13.1% 

Grade 5&6- 

4.7% 
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1st Author, 

year and 

country 

No of 

patient 

Mean 

age in 

year 

Gender MeanTumour 

Size in mm 

Approach EOR Preservation 

of 7th nerve  

Outcome in 

HB grading 

Zhang X 

China 

2005 

105 46.8 M- 41 

F- 64 

>40 RSSO GTR- 

86.7% 

STR- 

13.3% 

79.1% Grade1&2- 

56.7% 

Grade3&4- 

21.8% 

Grade 5- 

21.9% 

 

Magnan  

France 

2002 

119 NA NA <25 RSSO NA 100% Grade1&2- 

96% 

Grade3&4- 

24% 

 

Tonn J-C 

Germany 

2000 

508 

(IOM- 

80%) 

51.3 M- 263 

F- 245 

8-40 RSS) NA NA Grade1&2- 

With IOM- 

88.7% 

Without 

IOM- 69.5% 
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CONCLUSION 

Despite the high proportion of large lesion in this series, our study of 

facial nerve outcome is comparable to other previous literature. Among 

so many factors affecting the facial nerve outcome like surgeon 

experience, solid or cystic nature, involvement of IAC, per-op facial 

nerve involvement, however, the most important one is tumour size. The 

larger the lesion will have poor outcome postoperatively and cut of the 

size of lesion in few previous literature are mentioned as 2 cm , however 

in current study its 4 cm and more.  

 

With the above findings, we can recommend that avoid the wait 

and watch policy and in this new ear of microsurgical techniques and 

Intra-operative nerve monitoring approach we should diagnose lesion 

early and cut off limit for a good outcome of surgery is less than 4 cm.  

In our recommendation tumour size for surgery is > 2 cm and < 4 cm, 

except in elderly where we can still use wait and watch policy. If we are 

going for surgery for lesion > 4 cm, pre-operative counselling for poor 

facial nerve outcome to be expected.  

 

Another observation in our study is about cystic lesion of 

vestibular schwannoma, these patient will have a poor outcome of the 
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facial nerve after surgery if we are going for GTR, however if a good 

experience surgeon is operating than even in cystic lesion we can expect 

a good post op outcome one. So if young surgeon with less experience is 

operating a cystic lesion or a solid lesion with poor planes seen on 

imaging pre-operatively,  than he can plan for subtotal resection of 

facial nerve and counsel the patient pre-operatively. Appropriate 

selection of cases, meticulous surgical techniques  and IONM are 

pivotal  for good facial nerve outcome in this ear. 

 

The future of facial nerve preservation with IONM in vestibular 

schwannoma’s patients is the pre-operative analysis of FN with use of 

neuronavigation on based of DTI  sequence of MRI identification of 

facial nerve per-operatively. 
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