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I
n the era of modern microsurgery, surgical outcomes 
for the removal of VSs have markedly improved.14,24,35 
Despite advancements in facial nerve monitoring and 

surgical techniques, functional preservation of the fa-
cial nerve in surgery for larger tumors remains a chal-
lenge.4,36 For small and medium-sized tumors, long-term 

facial nerve preservation rates are reported to be more 
than 90%, but this rate is substantially lower for large 
tumors.20,29

Series of large VSs frequently have been published 
as distinct clinical entities, because large tumors present 
a greater challenge to surgeons regarding total removal, 
cranial nerve preservation, and other postoperative com-
plications.32,49 Due to the paucity of data for such large 
tumors, a systematic literature review of all the available 
reports would be greatly beneficial in determining opti-
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Object. The object of this study was to evaluate facial nerve outcomes in the surgical treatment of large vestibu-
lar schwannomas (VSs; ≥ 2.5 cm maximal or extrameatal cerebellopontine angle diameter) based on both the opera-
tive approach and extent of tumor resection.

Methods. A PubMed search was conducted of English language studies on the treatment of large VSs published 
from 1985 to 2011. Studies were then evaluated and included if they contained data regarding the size of the tumor, 
surgical approach, extent of resection, and postoperative facial nerve function.

Results. Of the 536 studies initially screened, 59 full-text articles were assessed for eligibility, and 30 studies 
were included for analysis. A total of 1688 tumor resections were reported. Surgical approach was reported in 1390 
patients and was significantly associated with facial nerve outcome (f = 0.29, p < 0.0001). Good facial nerve out-
comes (House-Brackmann Grade I or II) were produced in 62.5% of the 555 translabyrinthine approaches, 65.2% 
of the 601 retrosigmoid approaches, and 27.4% of the 234 extended translabyrinthine approaches. Facial nerve out-
comes from translabyrinthine and retrosigmoid approaches were not significantly different from each other, but both 
showed significantly more good facial nerve outcomes, compared with the extended translabyrinthine approach (OR 
for translabyrinthine vs extended translabyrinthine = 4.43, 95% CI 3.17–6.19, p < 0.0001; OR for retrosigmoid vs 
extended translabyrinthine = 4.98, 95% CI 3.57–6.95, p < 0.0001). There were 471 patients for whom extent of re-
section was reported. There was a strong and significant association between degree of resection and outcome (f = 
0.38, p < 0.0001). Of the 80 patients receiving subtotal resections, 92.5% had good facial nerve outcomes, compared 
with 74.6% (n = 55) and 47.3% (n = 336) of those who received near-total resections and gross-total resections, 
respectively. In the 2-way comparison of good versus suboptimal/poor outcomes (House-Brackmann Grade III–VI), 
subtotal resection was significantly better than near-total resection (OR = 4.21, 95% CI 1.50–11.79; p = 0.004), and 
near-total resection was significantly better than gross-total resection (OR = 3.26, 95% CI 1.71–6.20; p = 0.0002) in 
producing better facial nerve outcomes.

Conclusions. In a pooled patient population from studies evaluating the treatment of large VSs, subtotal and 
near-total resections were shown to produce better facial nerve outcomes when compared with gross-total resections. 
The translabyrinthine and retrosigmoid surgical approaches are likely to result in similar rates of good facial nerve 
outcomes. Both of these approaches show better facial nerve outcomes when compared with the extended translaby-
rinthine approach, which is typically reserved for especially large tumors. The reported literature on treatment of 
large VSs is extremely heterogeneous and minimal consistency in reporting outcomes was observed.
(http://thejns.org/doi/abs/10.3171/2012.7.FOCUS12199)
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Abbreviations used in this paper: GTR = gross-total resection; 
NTR = near-total resection; STR = subtotal resection; VS = vestibu-
lar schwannoma.
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mal treatment strategies. What renders this task nearly 
insurmountable is the lack of reporting standardization 
for VS outcomes. In these series, except for the House-
Brackmann grading system of facial nerve function, there 
appears to be no agreement on what is the minimum size 
of a “large” tumor, measurement of tumor size, and de-
gree of resection.23 Instead of enumerating the incon-
sistencies in the reported literature, we will define each 
variable we measured in the Methods section and then 
indicate specific issues with each included paper in the 
Results and Discussion sections.

The ideal therapeutic goal in VS surgery is complete 
removal of the tumor in a single stage with complete pres-
ervation of all cranial nerve function. However, for larger 
tumors, this has remained an elusive goal. For this reason, 
many studies have advocated partial resections, 2-stage 
resections, and combined partial resection with radiation 
therapy.3,17,40,42 Moreover, questions remain regarding the 
surgical approach that provides the optimal facial nerve 
outcome.

In this study, we systematically reviewed studies re-
porting postoperative outcomes of large VSs (≥ 2.5 cm of 
maximal or extrameatal diameter), with special attention 
to the facial nerve outcomes as a function of surgical ap-
proach and degree of tumor resection.

Methods
Search Criteria

Following an Institutional Review Board exemp-
tion, we conducted a systematic review using a PubMed 
search of the English language literature from 1985 to 
2011. The date range was chosen to represent the era of 
more routine use of facial nerve monitoring in VS sur-
gery. The search terms “large acoustic neuroma,” “large 
vestibular schwannoma,” “acoustic neuroma surgical 
resection,” “acoustic neuromas retrosigmoid,” “acoustic 
neuromas translabyrinthine,” “subtotal resection acoustic 
neuroma,” “vestibular schwannoma,” and “acoustic neu-
roma” were used to identify appropriate papers. Figure 1 
provides a flowchart of the number of papers identified, 
screened, and included in the study. The 59 full-text ar-
ticles assessed for eligibility were all screened indepen-
dently by 3 of the authors (R.K.G., S.D., and A.M.).

Studies were screened for data on large VSs defined 
by a greatest extrameatal diameter of at least 2.5 cm ac-
cording to the Kanzaki standard, largest diameter, or a 
Koos classification ≥ 4.28 We did not exclude papers if 
they did not measure extrameatal diameter only. The ma-
jority of included papers (22/30, 73%) reported extramea-
tal measurement, while 17% reported sizes at least 2.5 
cm in largest dimension (in all but 1 of these studies, the 
smallest tumor was 3.0 cm in longest dimension), 7% of 
papers used the Koos classification, and 1 paper did not 
state how measurements were obtained, although tumors 
in this paper were still reported as > 2.5 cm.

Studies were included if facial nerve data along with 
surgical approach and/or extent of resection were provid-
ed. Extent of resection as GTR, NTR, or STR was deter-
mined as defined by each author. Facial nerve outcomes 

were determined by the House-Brackmann grading 
scale.23 Any anatomically disrupted facial nerves were 
given a VI/VI grade, even if a subsequent hypoglossal-
facial or primary anastomosis of the nerve provided im-
proved facial nerve outcome. Papers that reported surgery 
without continuous intraoperative facial nerve monitor-
ing were excluded. If papers clearly identified neurofibro-
matosis Type 2 patients and their outcomes, those patients 
were excluded from analysis because of the more aggres-
sive nature and neural invasiveness of the disease.39

Assessment of Study Quality

After inclusion, each paper was given a relative value 
score by assigning points for quality of the paper. The 
grading system included 1 or 0 points for the respective 
presence or absence of the following: average tumor size 
reported, inclusion of neurofibromatosis Type 2 patients 
reported, tumor measurement of largest extrameatal di-
ameter specifically mentioned, facial nerve function 
reported as function of approach, facial nerve function 
reported as function of degree of resection, degree of 
resection, postoperative MRI correlation of extent of re-
section reported, and postoperative follow-up of at least 
12 months. Degree of cranial nerve function was used 
to measure treatment outcome. Outcome levels of good 
(House-Brackmann Grade I or II), suboptimal (House-
Brackmann Grade III or IV), and poor (House-Brack-
mann Grade V or VI) were compared.

Surgical Approach and Extent of Resection

Treatment outcomes for the 3 surgical approaches 
(translabyrinthine, retrosigmoid, and extended translab-
yrinthine) and 3 degrees of resection (STR, NTR, and 
GTR) were compared across all studies by summing the 
number of patients with good, suboptimal, and poor facial 
nerve outcomes, and using a 3 × 3 chi-square to evalu-
ate the association of treatment outcome with surgical 
approach and degree of resection. If these analyses were 
significant, each pair of treatments was compared in a 2 
× 2 chi-square examining good versus suboptimal/poor 
facial nerve outcomes.

The extended translabyrinthine approach is defined 
as any standard translabyrinthine approach that was mod-
ified to provide greater access for extremely large tumors. 
These modifications included the translabyrinthine-trans-
apical exposure described by Angeli et al.2 in which the 
IAC is opened with greater than 300° of exposure, or the 
combined translabyrinthine-retrosigmoid exposure as de-
scribed by Anderson et al.1

The definition of what constitutes an NTR compared 
with an STR varies by author, with no universally agreed-
upon definition. Some authors have subjectively defined 
the residual tumor with words such as “minimal,” “tiny,” 
“small” amount, or “thin layer” of residual tumor, as de-
fined by the operative surgeon.33,43,47 Bloch et al.3 defined 
an NTR as 25 mm2 or a 2-mm-thick pad of residual tumor, 
and an STR as anything less than an NTR. Haque et al.22 
defined an STR as when > 90% of the tumor was removed 
and GTR as when the entire tumor was microscopically 
removed. For studies that reported extent of resection, the 
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most commonly used definition in this systematic review 
was that an STR represented > 5% of residual tumor, and 
an NTR was any residual tumor ≤ 5%.2,21,31,57

Statistical Analysis

The percentage of surgeries with good facial nerve 
outcome (House-Brackmann Grade I or II) was exam-
ined across studies. Univariate Pearson correlations were 
examined across studies, between percentage of func-
tional outcomes, and other study characteristics including 
date of publication, number of tumors, size cutoff used 
to define large tumors, and average patient age. Multiple 
regression analysis was used to test multivariate mod-
els predicting functional outcomes, to try to determine 
whether degree of resection or type of approach had an 
independent association with outcome, after controlling 
for other study characteristics.

Statistics were calculated using SAS version 9.2 (SAS 
Institute, Inc.) and graphs were created using Microsoft 
Excel.

Results
Of the 536 papers initially identified, 30 fit our cri-

teria, all of which were retrospective case series.1,2,4,7,8,12, 

13,18,21,25,27,30–34,37,38,41,43–46,48,50–52,54,55,57 Table 1 summarizes 
the characteristics of each paper. The retrospective nature 
of the papers and heterogeneity in reporting tumor size, 
degree of tumor resection, indications for degree of resec-
tion, length of follow-up, and reporting facial nerve out-
come for individual groups (degree of resection and sur-
gical approach) precluded a true statistical meta-analysis.

Tumor Size

One thousand six hundred and eighty-eight tumors 
measuring at least 2.5 cm were reported. The average size 
of the tumor was 3.9 cm in the 40% of papers that report-
ed an average size. In regard to measuring the dimensions 
of the tumor, 21 studies reported the longest measurement 
in the cerebellopontine angle excluding the portion of the 
tumor in the internal auditory canal, 6 reported the abso-
lute longest dimension, 2 used the Koos classification, and 
1 made no mention of measurement criteria.

Surgical Approach

Of the 1636 cases for which a surgical approach 
was mentioned, 729 underwent translabyrinthine, 644 
retrosig moid, and 263 extended translabyrinthine tumor 
resection. Ten papers provided a definition for what con-
sisted of less-than-total resection of tumor, and only 4 of 
those used the Kanzaki standards.28,45 Two studies con-
tained only patients who underwent less-than-total resec-
tion.

Extent of Resection

We were able to decipher the approximate degree of 
resection for 1158 patients, of whom 938 underwent GTR, 
102 NTR, and 147 STR. Only 2 papers correlated their 
surgical degree of resection with postoperative MR im-
ages. Twenty-one papers reported facial nerve outcome 
after 12 months of follow-up. Fourteen papers reported 
facial nerve outcome as a function of degree of resection, 
and 471 patients’ treatments were examined. Of these pa-

Fig. 1. This flowchart illustrates how many articles were initially identified, screened, and included in the study analysis.
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tients, 274 (58%) had good facial nerve outcomes (House-
Brackmann Grade I or II), 104 (22%) were suboptimal 
(House-Brackmann Grade III or IV), and 93 (20%) were 
poor (House-Brackmann Grade V or VI). There was a 
strong and significant association between degree of re-
section and outcome (f = 0.38, p < 0.0001). Of the 80 
patients receiving STR, 92.5% had good facial nerve out-
comes, compared with 74.6% (n = 55) and 47.3% (n = 
336) of those who received NTR and GTR, respectively 
(Fig. 2). In the 2-way comparison of good versus subop-
timal/poor outcomes (House-Brackmann Grade III–VI), 
STR was significantly better than NTR (OR = 4.21, 95% 
CI 1.50–11.79; p = 0.004), and NTR was significantly bet-
ter than GTR (OR = 3.26, 95% CI 1.71–6.20; p = 0.0002) 
in producing better facial nerve outcomes. A Forrest plot 
was created to display the effect sizes for facial nerve 
outcomes for all studies reporting on degree of resection 
(Fig. 3).

Facial Nerve Outcome

We were able to identify the facial nerve outcome 
as the function of surgical approach in 27 of the papers. 
Studies reported outcomes for 1390 patients, 803 (58%) 
with good facial nerve outcomes, 365 suboptimal (26%), 
and 222 (16%) with poor outcomes. Surgical approach 
was significantly associated with outcome (f = 0.29, p < 
0.0001). Good facial nerve outcomes were produced in 
62.5% of the 555 translabyrinthine approaches, 65.2% of 
the 601 treatments using the retrosigmoid approach, and 
27.4% of the 234 treatments using the extended translaby-
rinthine approach (Fig. 4). Facial nerve outcomes from 
translabyrinthine and retro sigmoid approaches were not 
significantly different from each other, but both produced 
significantly more good outcomes compared with the ex-
tended translabyrinthine approach (OR for translabyrin-
thine vs extended translabyrinthine approach = 4.43, 95% 
CI 3.17–6.19, p < 0.0001; OR for retrosigmoid vs extend-
ed translabyrinthine approach = 4.98, 95% CI 3.57–6.95, 
p < 0.0001).

The mean percentage of surgeries with good facial 
nerve outcomes was 0.61 ± 0.24 (95% CI 0.52–0.70). In 
univariate analysis, patient age, year published, and num-
ber of tumors were not significantly related to percentage 
of functional outcomes, but size cutoff used to define large 

tumors was significantly associated (r = -0.43, p < 0.02). 
This indicated that studies with larger size cutoffs tended 
to have fewer patients with good facial nerve outcomes. 
Multiple regression models were tested with predictors 
including size cutoff, number of treatments using trans-
labyrinthine, retrosigmoid, or extended translabyrinthine 
approaches, and number using GTR, NTR, and STR. We 
found a model that was significant (p < 0.001) with mod-
erate prediction accuracy (R2 = 0.48), which included the 
predictors size cutoff, number of subtotal resections, and 
number of surgeries using the extended translabyrinthine 
approach. In this model, after accounting for other vari-
ables in the model, size cutoff and extended translaby-
rinthine approach were negatively associated with func-
tional outcomes (p = 0.02 and 0.03, respectively), while 
STR was positively associated with functional outcomes 
(p = 0.01). Thus, each of these 3 variables independently 
predicted the percentage of good facial nerve outcomes 
across studies.

Discussion
The goal in managing VSs is to control tumor growth 

Fig. 2. Graph of facial nerve outcome (3 levels, A–C) according to 
degree of resection. Error bars = 95% CIs. I–VI = House-Brackmann 
grades.

Fig. 3. Forrest plot of effect sizes (OR) for good facial nerve out-
comes (House-Brackmann Grade I or II) for all studies reporting on 
degree of resection. Horizontal lines = 95% CIs. Vertical dashed line 
= average effect size. Size of diamond is proportional to the percent-
age of resections that were GTR (larger diamond indicates more GTRs, 
smaller diamond indicates more NTRs or STRs).
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while preserving neurological function. Large VSs pose a 
particular challenge in attaining this goal. Many reports 
have cited the high rate of poor facial nerve outcomes 
following microsurgical resection of VSs.5,27,32,34,44,53,56 In 
these studies, facial nerve outcomes of House-Brackmann 
Grade I or II were reported in only 27%–58% of patients 
with VSs ≥ 3.0 cm following GTR. Facial nerve preser-
vation is particularly difficult in large tumors because 
as the tumor slowly enlarges, the facial nerve becomes 
stretched and often “ribbons” over the surface of the tu-
mor.3 Moreover, the tumor-arachnoid dissection plane is 
often obscured as the tumor enlarges.9 This is particularly 
true just medial to the porous acusticus, where a pressure 
“bottleneck” can occur at the entrance of the bony inter-
nal auditory canal.

Surgical Approach

The findings of this study suggest that there is no 
statistically significant difference in facial nerve out-
comes between the translabyrinthine and retrosigmoid 
approaches. However, there was a difference between the 
extended translabyrinthine and either the translabyrin-
thine or retrosigmoid approach. As described by Sanna et 
al.,45 the extended translabyrinthine approach is a modi-
fication of the translabyrinthine approach, which allows 
for greater exposure for especially large VSs. The finding 
that the extended translabyrinthine approach resulted in 
poor facial nerve outcomes is likely due to a selection 
bias of patients with particularly large VSs, and possibly 
recurrent tumors operated on at that institution, thus war-
ranting the extended approach.

Extent of Resection

The goal of microsurgical VS resection has tradition-
ally been microscropic GTR. In the era of high-quality 
imaging modalities and treatment modalities, such as ste-
reotactic radiation with excellent tumor control rates, is 
total resection warranted for a benign tumor when the fa-
cial nerve would be put at high risk for postoperative dys-
function? Answering this question has led to the concept 
of partial resections of VSs if GTR cannot be achieved 
without injuring the facial nerve.

The controversy over partial resection dates back to 
the 2 surgeons who truly revolutionized the art of acoustic 

neuroma resection, Harvey Cushing and Walter Dandy. 
Cushing advocated a partial resection, which was vehe-
mently opposed by Dandy, considering the high mortality 
rate of recurrent tumors.10,11,15 William House reported in 
196824 that partial removal was a reasonable alternative 
to total removal when intraoperative vital signs were la-
bile, or for “the elderly patient, or the patient who is poor 
surgical risk.”

The results of this study show that STR of large VSs 
results in improved facial nerve outcomes when compared 
with NTR and GTR. Facial nerve outcomes of NTR are 
also improved when compared with results of GTR. This 
result is not surprising given that partial resections likely 
cause less surgical trauma to the nerve compared with 
GTRs.

We were unable to evaluate rates of recurrence in the 
present study due to lack of data. Only 4 papers made any 
comments on recurrence and most did not have sufficient-
ly long follow-up. However, in general VS literature, there 
are considerable data to suggest that the rate of recurrence 
is correlated with the amount of residual tumor follow-
ing resection. El-Kashlan et al.16 reported that 43.6% of 
their 39 patients showed signs of VS regrowth following 
STR and NTR after a mean follow-up period of 6.2 years 
(range 3.5–10.2 years). No patient in their series, however, 
experienced regrowth following tumor resection greater 
than 98% (n = 8). Residual postoperative tumor thickness 
of 10.9 ± 4.1 mm versus 5.7 ± 3.0 mm has been shown to 
be a risk factor for regrowth (p < 0.001).19 Carlson et al.6 
reported that in 350 patients with VSs treated with micro-
surgical resection, patients receiving STR were more than 
9 times more likely to experience recurrence compared 
with those undergoing NTR or GTR (p < 0.001). Whereas 
GTR is optimal to prevent tumor recurrence, NTR ap-
pears to provide similarly low recurrence rates, likely due 
to a lack of adequate blood supply or critical tumor mass 
following NTR to allow subsequent growth.3

The major limitations of this study include the ret-
rospective and often uncontrolled nature of the studies 
included. Many surgeons with high volumes of patients 
only used 1 approach, which makes clear comparison be-
tween surgical approaches difficult. Also, certain centers 
would only perform GTR or STR. The decision as to de-
gree of tumor resection largely depends on the surgeon 
and intraoperative findings, which is an inherent bias of 
the literature: the more difficult, aggressive, and adherent 
tumors probably were resected in a less-than-total fash-
ion. Studies also often included heterogeneous popula-
tions; some reported on patients with preoperative facial 
palsy or included patients with neurofibromatosis Type 2 
and those with unilateral, sporadic VS in the same patient 
population. Neurofibromatosis Type 2 tumors are more 
infiltrative of the facial nerve than unilateral, sporadic 
VSs, and will therefore be more likely to cause facial 
palsy following GTR.39

The results of this current review should be viewed 
considering the limitations of the available literature. As 
this study sought to pool similar data from many studies, 
it was imperative that the patients be similar. Despite our 
best efforts to compare similar populations, there were 
limitations due to variability in reporting tumor size, 

Fig. 4. Graph of facial nerve outcome (3 levels) according to surgical 
approach. RS = retrosigmoid; Translab = translabyrinthine.
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facial nerve outcome, degree of resection, and length of 
follow-up. In 2003, Kanzaki et al.28 reported on minimal 
standards for describing outcomes in VS surgery. Unfor-
tunately, these standards have yet to be universally imple-
mented, but would aid in comparing data for studies such 
as this.26 We recommend creating more strict reporting 
guidelines for surgeons interested in publishing their se-
ries of VS resections, similar to the House-Brackmann 
facial nerve outcome. Also, a prospective, multicenter 
study would limit some of the biases affecting the litera-
ture and is currently underway (http://clinicaltrials.gov/
ct2/show/NCT01129687).

Conclusions
The surgical treatment of large VSs often leads to 

suboptimal and poor facial nerve outcomes. Taking into 
account the inherent biases in the literature, STR and 
NTR appear to produce improved facial nerve outcomes 
when compared with GTR. The retrosigmoid and trans-
labyrinthine surgical approaches both provide similar 
rates of facial nerve outcomes. Both of these approaches 
have better facial nerve outcomes when compared with 
the extended translabyrinthine approach, which is typi-
cally reserved for especially large tumors. The reported 
literature on treatment of large VSs is extremely hetero-
geneous, and minimal consistency in reporting outcomes 
was observed.
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