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INTRODUCTION

Vestibular schwannomas (VS), also known as acoustic neu-
roma, are benign tumors of schwann cells that mostly origi-
nate from the superior vestibular nerve [1]. Many studies in 
the literature have reported that the incidence of VS ranges 
from 0.6 to 1.9 per 100,000 population [2-5]. The incidence of 
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Background    Patients with large vestibular schwannomas have various surgical outcomes. The aim 
of this study is to evaluate facial nerve outcome and surgical complications in patients who underwent 
total and subtotal resection.

Methods    Between October 2008 and September 2020, 72 patients underwent surgery in Ra-
javithi Hospital. Of these, 48 had total or subtotal resection. We classified these participants into two 
groups: VS ≥3 cm (Group A, n=30); and VS <3 cm (Group B, n=18). Both groups were compared in 
terms of clinical presentation, imaging data, facial nerve outcomes, and surgical complications. The 
retrosigmoid approach was used in each case, and all patients had follow-up for at least 1 year. Chi-
square and Fisher’s exact test were used for statistical analysis. 

Results    The mean tumor size in Group A was 3.8 cm compared with 1.5 cm in Group B. In 
Group A, clinical signs of hearing dysfunction, gait ataxia, and facial paresthesia were present in 96.7%, 
66.7%, 50% of patients respectively, compared with 100%, 5.6%, and 11.1% respectively in Group B. 
Radiographic signs of hydrocephalus were observed in 56.7% of Group A subjects, and 5.6% of those 
in Group B. At 1 year follow-up, 40% of patients with large VS and 94.4% of patients with small to me-
dium size VS had good facial nerve outcomes (House-Brackmann [HB] facial grading scale grade I-III). 
Significant differences between the two groups were found only in gait ataxia (p<0.001), facial pares-
thesia (p=0.006), radiographic signs of hydrocephalus (p=0.002), facial nerve outcome 1 month 
(p<0.001) and facial nerve outcome 1 year (p<0.001). 

Conclusion    In patients with large size VS, microsurgical resection had poor facial nerve outcomes 
compared with those of their counterparts with small to medium size VS. Planned subtotal resection 
with postoperative radiosurgery might attain superior facial nerve outcomes and result in better quality 
of life in subjects with large VS.
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VS has also been shown to be increasing, mostly because of 
technological advancements in detection methods, such as 
magnetic resonance imaging [3,4]. Classically, VS are found 
within the internal acoustic meatus, and when the tumors 
grow, they tend to expand into the cerebellopontine angle, with 
various symptoms resulting from mass effect. Treatment mo-
dalities include observation with serial imaging, stereotactic 
radiosurgery, or stereotactic radiotherapy and microsurgery. 
The choice of treatment is dependent on patient age, underly-
ing diseases, clinical symptoms, and tumor size. 

In certain situations, it is impossible to eradicate VS com-
pletely because the position of the tumor involves vital struc-
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tures, such as facial nerves, other cranial nerves, or brain stems, 
which often lead to postoperative complications. Facial nerve 
weakness after VS resection is one of the most common com-
plications following tumor removal, along with cerebrospinal 
fluid (CSF) leak, meningitis, and other cranial nerve deficits, 
or even death. 

We recorded demographic data, clinical presentations, im-
aging data, facial nerve outcomes, and surgical complications 
among patients who underwent total and subtotal resection 
and compared results of patients having small to medium size 
VS with those with large VS and who underwent surgery in 
the same institution.

MATERIALS AND METHODS 

Patient population
A retrospective study was conducted of patients who were 

surgically treated for VS between October 2008 and Septem-
ber 2020 at Rajavithi Hospital, Bangkok, Thailand. This study 
was approved by the Institutional Review Board of Rajavithi 
Hospital (approval no. 64057). Informed consent was waived 
due to the retrospective data collection. Of the total 72 pa-
tients who underwent surgery, 24 were excluded from this 
study: 17 of these were not included because they had under-
gone partial resection; 4 had no preoperative or postoperative 
data; 2 had preoperative facial nerve palsy; and 1 had bilateral 
VS. Information relevant to the study was recorded, including 
age, sex, clinical presentation, duration of symptoms, imaging 
data, tumor size, presence of hydrocephalus, and type of re-
section. Type of resection was classified by subjective intraop-
erative impression correlated with first postoperative imaging. 
More than 5% of residual tumors were defined as partial re-
section, 2%–5% were classified as subtotal resection (STR) and 
less than 2% were considered gross total resection (GTR) or 
near total resection (NTR) [6]. The tumor size was measured 
as the largest single preoperative tumor diameter including 
the intracanalicular portion of the lesion. Definition of cystic 
VS was a cyst component that is more than 50% of total vol-
ume [7]. Facial nerve outcomes at 1 month, 1 year follow-up 
and surgical complications were observed only in those who 
underwent total and subtotal resection. Postoperative facial 
nerve function was classified according to the House-Brack-
mann (HB) facial grading scale as good (HB grade I–III) or 
poor (HB grade IV–VI). In all operations, the retrosigmoid 
approach was used, with the patient in the parkbench or sit-
ting position, and continuous facial nerve monitoring was 
performed in most cases. The patients were divided into two 
groups: Group A consisted of patients with VS ≥3 cm, and 
Group B comprised patients with VS <3 cm [8,9]. 

Statistical analysis
The chi-square and Fisher’s exact tests were used to com-

pare clinical presentation, imaging data, facial nerve outcomes, 
and surgical complications in the two groups. A difference at 
probability level <0.05 was considered statistically significant.

RESULTS

The records were reviewed of 48 patients, all of whom had 
undergone the retrosigmoid approach; 30 patients (62.5%) 
had tumor size ≥3 cm (Group A), and 18 patients (37.5%) 
had tumor size <3 cm (Group B). The subjects ranged in age 
from 21 to 72 years, with a mean age of 52.8 years, and females 
accounted for 72.9% of the total number of patients studied. 

Clinical presentation and imaging data 

Group A
Patients’ mean age was 51.4 years (range 21–71 years) (Fig. 

1A and B). There were more women (70%) than men (30%), 
and the left side was involved in 22 cases (73.3%) and the right 
side in 8 (26.7%). The mean duration of symptoms was 10.1 
months (range 1–24 months), and the mean tumor size was 3.8 
cm (range 3.0–5.3 cm) (Table 1). Preoperative imaging showed 
cystic VS in 10 patients (33.3%) and solid VS in 20 (66.7%). 
Nearly all patients had hearing dysfunction; 20 (66.7%) had 
gait ataxia; 15 (50%) had decreased facial sensation; 6 (20%) 
had signs of intracranial hypertension; 4 (13.3%) had dyspha-
gia; and 2 (6.7%) had tinnitus. Radiographic signs of hydro-
cephalus were observed in 17 patients (56.7%): 16 (53.3%) had 
obstructive hydrocephalus; 1 (3.3%) had communicated hy-
drocephalus. Five patients (16.7%) had ventriculoperitoneal 
shunts inserted previously at another institute. After surgery, 
10 patients (33.3%) had improvement in hydrocephalus, only 2 
patients (6.7%) had undergone postoperative shunt placement.

Group B
Patients’ mean age was 55.2 years (range 30–72 years) (Fig 

1C), 14 patients (77.8%) were female. The left side was involved 
in 5 cases (27.8%) and the right side in 13 (72.2%). The mean 
duration of symptoms was 18.3 months (range 1–108 months), 
and the mean tumor size was 1.5 cm (range 0.6–2.4 cm) (Ta-
ble 1). Preoperative imaging showed solid VS in every cases. 
All patients had hearing dysfunction; 4 (22.2%) had tinnitus; 
2 (11.1%) had decreased facial sensation; 1 (5.6%) had gait 
ataxia; but no patient had signs of intracranial hypertension or 
dysphagia. Radiological evidence of hydrocephalus was found 
in 1 case (5.6%). None of these patients had undergone preop-
erative or postoperative ventriculoperitoneal shunt placement. 

Statistical analysis revealed significant differences in the 2 
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and clot removal. Two patients (6.7%) developed CSF leaks, and 
one developed meningitis and epidural abscess. Both patients 
underwent further surgery repaired with fat graft (Table 4). 

groups in terms of gait ataxia, facial paresthesia, radiographic 
signs of hydrocephalus (Table 1).

Facial nerve outcomes and surgical complications 

Group A
HB grade I–III (good) was found in 9 patients (30%) at 1 

month and 12 patients (40%) at 1 year follow-up, and HB grade 
IV–VI (poor) was observed in 21 (70%) at 1 month and 18 
(60%) at 1 year follow-up (Table 2). Comparing facial nerve 
outcome at 1 year between GTR/NTR and STR showed HB 
grade I–III (good) in 7 patients (46.7%) in GTR/NTR group 
and 5 patients (33.3%) in STR group, HB grade IV–VI (poor) 
was found in 8 (53.3%) and 10 (66.7%) in GTR/NTR group 
and STR group, respectively (Table 3). Two patients (6.7%) were 
discovered to have postoperative hematoma on immediate post-
operative CT scan and were reoperated on with craniectomy 

Table 1. Clinical presentation and imaging data (n=48)

Variables
Group A 
(n=30)

Group B 
(n=18)

p value

Tumor size (cm), mean±SD
Tinnitus
Facial paresthesia
Hearing loss
Dysphagia
Gait ataxia
Intracranial hypertension
Radiographic signs of  
  hydrocephalus

3.8±0.58
2 (6.7)

15 (50)
29 (96.7)

4 (13.3)
20 (66.7)

6 (20)
17 (56.7)

1.5±0.53
4 (22.2)
2 (11.1)

18 (100)
0 (0)
1 (5.6)
0 (0)
1 (5.6)

0.179
0.006*
1.000
0.282

<0.001*
0.071
0.002*

Data are presented as n (%) unless otherwise indicated. *p<0.05 
according to the Pearson chi-square and Fisher’s exact test

Table 2. Facial nerve outcomes at 1 month and 1 year according 
to HB grade

HB grade
Group A 
(n=30)

Group B 
(n=18)

p value

At 1 month
I–III (good)
IV–VI (poor)

9 (30)
21 (70)

15 (83.3)
3 (16.7) <0.001*

At 1 year
I–III (good)

I
II
III

IV–VI (poor)
IV
V & VI

12 (40)
7 (23.3)
2 (6.7)
3 (10)

18 (60)
10 (33.3)

8 (26.7)

17 (94.4)
13 (72.2)

3 (16.6)
1 (5.6)
1 (5.6)
1 (5.6)
0 (0)

<0.001*

Patients with preoperative facial nerve palsy were excluded. Data 
are presented as n (%). *p<0.05 according to the Pearson chi-
square and Fisher’s exact test. HB grade, House-Brackmann facial 
grading scale

Table 3. Facial nerve outcome 1 year in patients with VS ≥3 cm 
after GTR/NTR and STR

HB grade
GTR/NTR 

(n=15)
STR

(n=15)
p value

I–III (good)
I
II
III

IV–VI (poor)
IV
V & VI

7 (46.7)
5 (33.3)
1 (6.7)
1 (6.7)
8 (53.3)
4 (26.7)
4 (26.7)

5 (33.3)
2 (13.3)
1 (6.7)
2 (13.3)

10 (66.7)
6 (40)
4 (26.7)

0.46

Data are presented as n (%). GTR, gross total resection; NTR, near 
total resection; STR, subtotal resection; HB grade, House-Brack-
mann facial grading scale

Preoperative Postoperative

Fig. 1. Contrast-enhanced T1-weighted MR images showing sur-
gically treated vestibular schwannomas patient in Group A (size 
≥3 cm) and Group B (size <3 cm). A: Images obtained from a pa-
tient with size ≥3 cm who underwent total resection. B: Images 
obtained from a patient with size ≥3 cm who had subtotal resec-
tion. C: Images obtained from a patient with size <3 cm who un-
derwent near total resection.

A

B

C
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Group B
HB grade I–III (good) was found in 15 patients (83.3%) at 

1 month and 17 patients (94.4%) at 1 year follow-up, while the 
remaining 3 (16.7%) and 1 (5.6%) had HB grade IV–VI (poor) 
at 1 month and 1 year follow-up, as shown in Table 2. One pa-
tient (5.6%) developed CSF leaks that required surgical repair, 
and one person (5.6%) developed sagittal sinus thrombosis 
on postoperative day 5; this was treated with an oral anticoag-
ulant (Table 4). The perioperative mortality rate in both groups 
was 0%.

Statistical analysis showed that there were significant differ-
ences between the two groups in terms of facial nerve out-
comes 1 month and 1 year (Tables 2, 3, and 4).

DISCUSSION

The incidence of large and giant tumors among all cases of 
VS has been estimated to be 14% in Western countries [5], but 
in developing countries they may comprise the majority [10]. 
Patients most typically present with hearing loss and tinnitus, 
which occur in 95% and >60% of cases, respectively [11]. Clini-
cal presentations of patients with large VS differ from those of 
people with smaller tumors. According to the literature reviewed, 
patients with large VS tended to present with gait instability 
from compressive effects on the middle cerebellar peduncle in 
64%–88% of cases, facial paresthesia from trigeminal nerve 
dysfunction in 34%–78% of cases, and dysphagia from lower 
cranial nerve dysfunction in 10%–14% of patients [10,12,13]. 
Since we carried out our research in a tertiary care hospital, we 
found large VS in 62.5% of all treated cases. Presenting symp-
toms included gait imbalance at 66.7%, facial paresthesia at 50%, 
and intracranial hypertension at 20%; these finding were con-
sistent with those of other studies [10,12,13]. 

The main factor influencing postoperative facial nerve func-
tion was tumor size [11,14]. The risk of facial nerve dysfunc-
tion in patients with VS >3 cm is 6-fold greater than in those 
with smaller VS [14]. Many studies have revealed rates of pres-
ervation of function of facial nerve after removal in large size 
of VS varying between 42% and 84% [12,15-17]. In other re-
search, facial weakness after surgery was found to result in 
lower quality of life scores [18,19]. Some studies have revealed 

contrasting long-term tumor control outcomes in terms of 
GTR and STR. The strongest predictor of recurrence was type 
of resection, patients undergoing STR having a nearly 11-fold 
greater risk of recurrence than those treated with GTR [20].

In this study, we analyzed facial nerve outcomes at 1-month 
and 1-year follow up and divided the results into good (HB 
grade I–III) and poor (HB grade IV–VI) outcomes. There were 
30% and 40% of patients with large VS had good facial nerve 
outcomes at 1 month and 1 year follow-up in contrast with their 
counterparts with small to medium tumors, who had good 
facial nerve results. Regarding in different resection type (GTR/
NTR and STR), there were no significant difference in facial 
nerve outcome statistically. Since the primary goal of surgery 
in our center is to attempt complete surgical removal of all 
tumors, large tumor size (mean tumor size in Group A about 
3.8 cm) and we do not routinely use continuous facial nerve 
monitoring, we have achieved lower rates of preservation of 
facial nerve function than those found in some other studies. 
Radiosurgery is not our first option for VS treatment because 
there are very limited resources available and cost is also can-
not be reimbursed. Therefore microsurgical resection is the first 
option of treatment in Thailand. With regard to primary treat-
ment for radiosurgery in large size VS (2–4 cm), some studies 
have shown good tumor control rates, ranging from 87.0%–
90.5%, and also acceptable preservation of neurological func-
tion [21-23], even though there have been some cases of treat-
ment failure. To obtain good tumor control and facial nerve 
function preservation, a combination of STR and postoperative 
radiosurgery might be a superior treatment option for large 
VS [24,25] and may also result in good quality of life [25]. 

In the present study, there were no cases of postoperative 
mortality and no significant neurological complications. Two 
patients had postoperative hematoma that required surgery; 
one developed hemiparesis and the other had no neurological 
deficit. One case developed CSF leakage and, subsequently, 
epidural abscess.

There were some limitations to this study. Firstly, we did not 
collect data regarding recurrence or regrowth of tumors. Sec-
ondly, it was a retrospective study with data collection only 
from medical records.

In conclusion, patients with large-sized VS (≥3 cm) micro-
surgical resection had significantly poorer facial nerve out-
comes than those who had VS <3 cm. As an alternative treat-
ment for large VS, planned STR with postoperative radiosurgery 
might be superior in terms of neurological outcomes and may 
result in better quality of life in cases of large VS.

Availability of Data and Material
The datasets generated or analyzed during the study are available from 

the corresponding author on reasonable request.

Table 4. New neurological deficits and surgical complication rates

Group A
(n=30)

Group B
(n=18)

Blood collections
Cerebrospinal fluid leakage
Meningitis
Cerebral venous sinus thrombosis

2 (6.7)
2 (6.7)
1 (3.3)
0 (0)

0 (0)
1 (5.6)
0 (0)
1 (5.6)

Data are presented as n (%).
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