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The optimal treatment of patients with vestibular
schwannomas (VS) is still debated. Watchful waiting
with serial magnetic resonance imaging (MRI) is often
recommended for elderly patients with smaller tumors,
but in patients with larger tumors or in younger patients
with established tumor growth some form of treatment is
generally advocated.1,2 Surgery has traditionally been the
treatment of choice for most patients, though recent
studies have suggested stereotactic radiosurgery as an
alternative treatment in selected patients with smaller

tumors.3,4 The aim of surgery for VS is maximal tumor
removal without complications, and relevant clinical
endpoints are mortality, tumor control, facial function,
hearing preservation, and postoperative cerebrospinal
fluid (CSF) leakage. The probability of complications and
side effects will depend on the surgical approach, basi-
cally through middle fossa, suboccipital/retrosigmoid, or
translabyrinthine exposure.1,5,6

The incidence of VS in Denmark (5.2million inhabitants) is
�19 per million per year and the treatment is centralized.1,7,8
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Abstract The objective of this article is to study the outcome after translabyrinthine surgery for
vestibular schwannomas, with special focus on the facial nerve function. The study
design is a case series from a national centralized database and it is set in two University
Hospitals in Denmark. Participants were 1244 patients who underwent translabyrin-
thine surgery during a period of 33 years from 1976 to 2009. Main outcome measures
were tumor removal, intraoperative facial nerve preservation, complications, and
postoperative facial nerve function. In 84% patients, the tumor was totally resected
and in�85% the nerve was intact during surgery. During 33 years, 12 patients died from
complications to surgery and �14% had cerebrospinal fluid leakage. Before surgery, 74
patients had facial paresis and 46% of these improved after surgery. In patients with
normal facial function, overall�70% had a good outcome (House-Brackmann grade 1 or
2). The chance of a good outcomewas related to tumor size with a higher the chance the
smaller the tumor, but not to the degree of tumor removal. In�78% of the patients with
facial paresis at discharge the paresis improved over time, in �42% from a poor to a
good function. The translabyrinthine approach is generally efficient in tumor control
and with satisfactory facial nerve outcome. With larger tumors the risk of a poor
outcome is evident and more data on patients managed with alternative strategies are
warranted.
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Until 2010, the surgery was performed in the ENT depart-
ment at the Gentofte University Hospital or in the University
Clinic of Neurosurgery at the University Hospital of Copen-
hagen depending on tumor size (cut-off 25 mm extrameatal
diameter). Today all surgeries are performed at the University
Hospital of Copenhagen but still by both ENT and neuro-
surgeons (same cut-off limit). Since the centralization of the
treatment in 1976, most surgeries have been through a
translabyrinthine approach because of the excellent exposure
of the facial nerve, the minimal cerebellar retraction, and the
relatively fewproblemswith CSF leakage1,7,9–12. Presently, all
patients with smaller tumors are considered for hearing
preserving surgery if the preoperative hearing is good.1,2,13

Here, we present the outcome of 1244 patients, who under-
went translabyrinthine surgery for VS from the introduction
of the procedure in 1976 until December 2009, which is the
largest series published so far. We focus mainly on postoper-
ative facial nerve function, since this is of major concern in
this group of patients.

Material and Methods

Data from all Danish patients with VS are prospectively
entered into a centralized clinical database. In this study,
we retrospectively retrieved data from all patients who
entered the database since the introduction of the trans-
labyrinthine approach in 1976 until 31 December 2009 to
allow for at least 1 year of follow-up after surgery. Overall,
2441 patients were registered in the database. Off these 1023
were followed by a “wait and scan” policy, 64 patients
received radiotherapy as their primary treatment and were
therefore excluded from the study, and 1354 underwent
surgery as their primary treatment. Data from patients
with neurofibromatosis type 2 were excluded as were data
from patients who were operated through a middle fossa or
retrosigmoid approach leaving 1244 patients for analysis.
Data on preoperative symptoms other than hearing level
and facial nerve function are not collected in the database.
From 1985MRI became available in Denmark and an increas-
ing number of patients were diagnosed by this modality.
From 1995 all patients had preoperative MRI except a few
cases with extreme obesity or claustrophobia. According to
international recommendations, tumors were categorized as
intrameatal or intra- and extrameatal based on the preoper-
ative scans, and the size of the tumors with extrameatal
extention was recorded as the extrameatal diameter not
including the part of the tumor in the internal auditory canal.
Tumor sizewas then categorized into five groups (0 to 10mm,
11 to 20mm, 21 to 30mm, 31 to 40 mm and> 40mm).14 The
facial nerve function was categorized into six groups (1 to 6)
using the House-Brackmann (HB) grading scale,15 and post-
operatively further split into good (Grade 1 and 2) and poor
outcome (Grade 3 to 6). Preoperative audiograms were
available from 984 patients (79.1%). Intraoperative estimates
of the extent of tumor removal were described as complete,
near total (less than 5% of original tumor size), or subtotal
(>5% of original tumor size)14 and data were available from
1216 patients (97.8%). The facial nerve integrity was intra-

operatively estimated by the surgeon as intact, thin or dis-
rupted and data were available from 1219 (98.0%) patients.
Data on facial function after surgery at the time of discharge
from the hospital were available from 1217 patients (97.8%)
and 1-year follow-up was available from 1209 patients
(97.2%). Regrettably, the database does not include standard-
ized information on the postoperative function of the other
relevant cranial nerves, wherefore these aspects will not be
covered in this report. Data on other variables were available
from all patients. Descriptive statistics were calculated for all
variables and presented as frequencies and percentages for
categorical data and means and standard deviations or me-
dians and ranges for continuous data. Tables were analyzed
by χ2 statistics. In some calculations, the patients with intra-
meatal tumors were not included as the number of patients
was small and the patients considered a separate entity.
Significance was accepted at the 0.05 level. Data analysis
was performed using SPSS 18 (IBM, New York, NY).

Results

Patient Characteristics
Data on demographics, tumor size, and preoperative hearing
level and facial function are presented in ►Table 1.

Tumor Removal
In tumors with extrameatal extention, 1011 (84.0%) was
totally resected, 165 (13.7%) were near totally resected, and
27 (2.2%) were subtotally resected to preserve facial nerve
integrity and/or avoid other potential neurological deficits.
The extent of tumor removal was statistically significant
related to the size group of the tumors with a smaller chance
of total tumor removal in the larger tumor groups (N ¼ 1203,
χ2 ¼ 51.343, p <0.0001).

Intraoperative Facial Nerve Preservation
In tumors with extrameatal extention, the facial nerve was
intraoperatively estimated as intact in 1229 (85.2%) patients,
as thin in 101 (8.4%) patients, and as disrupted in 78 (6.5%)
patients. The chance of preserving an anatomical intact facial
nerve decreased with increasing tumor size group ranging
from 96.1% in the 0 to 10 mm group to 75.4% in the >40 mm
group (N ¼ 1208, χ2 ¼ 57.383, p <0.0001).

Complications
In the 33-year-studied time period 12 patients (1.0%) died
within 1 month after surgery. Off these, eight died from the
effects of postoperative hematomas, two from a pulmonary
embolus, and one from a thrombosis of the basilar artery. The
median size of the tumors of the 12 patients who died was
35 mm (range: 20 to 75 mm) and 4 had giant tumors with a
diameter >35 mm. The patients who died were generally
older than the overall population with a median age of
65 years (range: 30 to 75 years), and 5 were older than
70 years at the time of surgery. Another eight patients died
within 1 year after the surgery. One died 36 days after surgery
fromHalothane hepatitis and/or sepsis, one died 44 days after
surgery from sustained pneumonia, one died 54 days after
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surgery from the effect of a postoperative hematoma, and five
died from reasons not related to the operation.

Out of the 1244 patients, 112 (9.0%) had CSF leakage from
the surgical wound and 56 (4.5%) had postoperative rhinoli-
quorrhea. Of the 112 patients with wound leaks, 44 (39.3%)
were treated with a pressure dressing or extra wound sutur-
ing, 24 (21.4%) had lumbar drainage, and 44 (39.0%) required
revision surgery. Of the 56 patients with rhinoliquorrhea, 8
(14.3%) were treated conservatively, 21 (37.5%) with lumbar
drainage and 27 (48.1%) required revision surgery. The risk of
CSF leakage (wound or nose) significantly, but nonlinearly,
depended on tumor size groupwith a risk as lowas 8.0% in the
0 to 10 mm group, and as high as 25.5% in the 31 to 41 mm
group (N ¼ 1194, χ2 ¼ 29.186, p <0.0001).

Postoperative Facial Nerve Function
Before surgery, 74 patients had some degree of facial paresis
(►Table 1). Of these, 34 (46.0%) improved after surgery, in 31
(41.9%) cases from a poor facial function (HB 3 to 6) to a good
function (HB 1 or 2). In 9 patients (12.2%) the paresis was
unaffected by surgery, and in 29 patients (39.2%) the paresis
deteriorated. Finally, two of these patients died within 1 year
of surgery.

The 1-year facial function of the patients with normal
preoperative function is shown in ►Table 2 and ►Fig. 1.
Overall, out of 1152 patients, 810 (70.3%) had a good outcome
(HB 1 or 2). In intrameatal tumors, 12 out of 13 (92.3%) had a
good outcome, and in smaller extrameatal tumors (<25 mm)
538 out of 656 (82.0%) patients had a good outcome versus
260 out of 468 (55.6%) of the patients with tumors larger than
25mm (N ¼ 1137). For the patientswith extrameatal tumors,
the chance of a good clinical outcomewas statistically signifi-
cant related to tumor size groupwith a higher the chance the
smaller the tumor (N ¼ 1124, χ2 ¼ 217.967, p <0.0001). The
chance of a good outcome was, however, not related to the
degree of tumor removal (N ¼ 1107, χ2 ¼ 4.339, p ¼ 0,114).
Out of 960 patients with the facial nerve described as intact
during surgery, 763 (79.5%) had a good facial function after
1 year,whereas only 30 out of 91 (33%) patientswith the facial
nerve described as thin during surgery had a good outcome.

Table 1 Patient Characteristics, N ¼ 1244

Mean Age, Years (SD) 53 (13)

Sex, n (%)

Women 691 (55.5)

Men 553 (45.5)

Side, n (%)

Right 618 (49.5)

Left 628 (50.5)

Tumor location, n (%)

Intrameatal 13 (1.0)

Intra- and extrameatal 1231 (99.0)

Mean tumor size, mma (SD) 25 (13)

Tumor size group, n (%)a

0–10 mm 155 (12.6)

11–20 mm 373 (30.3)

21–30 mm 360 (29.2)

31–40 mm 172 (14.0)

>40 mm 171 (13.9)

Mean preoperative hearing level (SD)

Pure tone average, dB 59 (25)

Discrimination loss, % 50 (36)

Preoperative HB grade, n (%)

1 1170 (94.1)

2 6 (0.5)

3 63 (5.1)

4 0

5 1 (0.1)

6 4 (0.3)

aTumors with extrameatal extention.
HB, House-Brackmann; SD, standard deviation.

Table 2 Facial Nerve Function After 1 Year Based on Tumor Size

Intrameatal Intra- and Extrameatal Total

0–10 mm 11–20 mm 21–30 mm 31–40 mm >40 mm

House-
Brackmann
grade

1 12 (92.3%) 116 (77.9%) 246 (67.8%) 166 (49.4%) 54 (34.4%) 44 (32.8%) 638 (55.4%)

2 17 (11.4%) 55 (15.2%) 66 (19.3%) 27 (17.2%) 8 (6.0%) 172 (14.9%)

3 1 (7.7%) 7 (4.7%) 29 (8.0%) 35 (10.4%) 21 (13.4%) 17 (12.7%) 110 (9.5%)

4 3 (2.0%) 11 (3.0%) 19 (5.7%) 25 (15.9%) 12 (9.0%) 70 (6.1%)

5 4 (2.7%) 4 (1.1%) 10 (3.0%) 8 (5.1%) 16 (11.9%) 42 (3.6%)

6 1 (0.7%) 12 (3.3%) 35 (10.4%) 20 (12.7%) 37 (27.6%) 105 (9.1%)

No data 1 (0.7) 6 (1.7%) 6 (1.8%) 2 (1.3%) 15 (1.3%)

Total 13 (100%) 149 (100%) 363 (100%) 336 (100%) 157 (100%) 134 (100%) 1152 (100%)

Patients with facial paresis before surgery and the patients that died within one year postoperatively are not in the table. Percentages are percentages
within each column.
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All patients with disrupted nerves had a poor facial nerve
outcome.

In ►Table 3, the facial function 1 year after the surgery is
related to the facial function at discharge. Out of 1117 patients
with data on facial function available at both time points 747
(66.8%) had some degree of facial paresis at discharge. Yet, in
579 (77.5%) of these patients the paresis improved over time,
in 316 (42.3%) cases from a poor facial function to a good
function. Conversely, in 24 patients (2.1%) the facial function
deteriorated over time, and in 13 of these patients from a
good facial outcome to a poor outcome. The risk of a pro-
gressing facial paresis was not related to tumor size group
(N ¼ 1117, χ2 ¼ 1.477, p ¼ 0.831).

Discussion

Patients
This is the largest series of patients who have undergone
translabyrinthine surgery for VS presented to date. The series
covers a long time period of 33 years and therefore also
changes in surgical equipment and surgical techniques. Fur-
thermore, seven different surgeons have performed the
operations making it probable that some of the variation in
results is explained by other factors than those described in
details above. However, the high number of patients and the
relatively high follow-up rates increase the scientific value of
the study.

Themean age of the patients in this studywas 53 years and
corresponds to that presented in other larger series.6,16–18

The mean size of the tumors with extrameatal extention was
25mm, and parallels that described in other larger studies not
focusing solely on larger tumors.6,17,19,20Wepresent the pure
extrameatal size of the tumors not including the part of the

Figure 1 Bar chart showing the percentages of patients with a good
(House-Brackmann grade 1 and 2) and poor outcome (House-Brack-
mann grade 3 to 6) facial function one year after surgery in relation to
tumor growth and size (patients with missing data are excluded).
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tumor in the internal auditory canal.14 Other groups have
used the combined intra- and extrameatal diameter to de-
scribe tumor size, which makes direct comparison between
results complex and with a tendency to overestimate the
facial results in studies where tumor in the internal auditory
canal is included in the size estimation. Whether this has
influenced the somewhat inferior facial nerve outcome pre-
sented in this study compared with some other larger se-
ries6,17,20 is unknown. The preoperative hearing level of the
patients in this study corresponds to that presented by
Brackmann.6 Approximately 14% of the patients with preop-
erative audiograms available had Class A hearing according to
the American Academy of Otolaryngology–Head and Neck
Surgery (AAO-HNS), and �9% had speech discrimination loss
(DL) ¼ 0%. The latter group of patients would today, if the size
of the tumor was small, only be recommended surgery if
growth had been established, and in that case hearing
preserving surgery would be suggested.13,21 In other patients
with preoperative serviceable hearing, recommendations
concerning the surgical approach are less obvious as data
suggest that a large percentage of patients with any DL >0%
will lose serviceable hearing within a few years irrespectively
of the treatment.13,21

Tumor Removal
In 84% of the patients the tumor was completely removed, and
in �86% of the patients with incomplete tumor removal only
small remnants were left unresected. Direct comparison with
other studies is difficult since few studies follow the recom-
mendations for reporting tumor removal.14 Still, these results
are consistent with other larger studies reporting 85 to 98%
complete tumor removal.6,16,17,19,22 Tumor adherence to the
facial nerve was the primary reason that complete tumor
removal was not attained, and the likelihood of incomplete
resection increased with increasing tumor size. Interestingly,
the long-term facial function of the patients with incomplete
resection was not different from that of the patients with
complete resection. As these patients inherently have more
tumor involvement with the nerve and still demonstrate
similar long-term facial function it supports the surgical deci-
sion to leave small tumor remnants to preserve facial nerve
function. Others have reported equivalent data to support this
opinion.6 We currently follow the growth patterns of these
small tumor remnants with serial MRI and will publish the
results as soon as sufficient long-term data are available. The
general impression is that the growth potential of such rem-
nants is very limited as indicated byother smaller studies.23–26

This is an essential observation, as revision surgery has been
shown to bear a higher risk of facial damage than primary
surgery.23 Whether secondary stereotactic radiotherapy will
be a better alternative in these patients is still unresolved.27

Facial Nerve Preservation
In�85% of the patients the facial nerve was assessed as intact
during surgery, and in �8% the nerve was assessed as intact
but thin. The probability of an anatomical intact facial nerve
not surprisingly decreased with increasing tumor size. Again
direct comparison with other studies is difficult as no con-

sensus on reporting results exists, but still the rates seem to
match those reported by others.6,16,17 The 78 patients with
disrupted facial nerves were over the years handled with
different strategies, but it is today also our general opinion
that the patients are best managed by direct end-to-end
anastomosis, or if that is not possible by primary cable graft.28

We presently further investigate the long-term facial results
of these patients, and the results will be published separately.

Complications
The patients who died from complications of surgery were
generally older than the overall population, which supports
an attitude toward “wait and scan” in this group of patients if
possible. Also, the size of the tumors of the patients who died
was generally larger than in the overall population, with a
third of the patients having giant tumors, confirming that
surgery of larger posterior fossa tumors may be precarious.
Still, data from other recent studies6,16,20 demonstrate that
0% mortality can be achieved even in larger tumors – at least
in smaller selected materials. However, it must be remem-
bered that this study is unique since it presents all trans-
labyrinthine surgeries for VS in a country. To minimize the
risk of late complications from postoperative hematomas we
have used routine early postoperative control computed
tomography scans for some years now. In case of a significant
hematoma in the surgical cavity reoperation is recommended
to avoid later neurological deterioration. Furthermore, today
all surgeries are performed at the Copenhagen University
Hospital with neurosurgical and neurointensive care unit
services and the postoperative neurointensive observation
level has been intensified for all patients.

The �14% risk of postoperative CSF leaks in this study is
somewhat higher than reported by others,6,10,17 but lower
than that found in cohorts of patientswith tumors larger than
30 mm.16,25,29 Over the years, we have combined the use of a
free fat grafts with blind closure of the middle ear and
eustachian tube, meticulous closure of the temporalis fascia,
and an autologous fibrin sealant (Vivostat, Vivostat,
Denmark), and it is our opinion that this has decreased the
risk of CSF leaks and especially almost removed the problem
with wound leaks. We do not routinely use lumbar drainage.
Our data indicate, that if a CSF leak occur, most wound leaks
can be managed conservatively or with lumbar drains,
whereas patients with rhinoliquorrhea often require revision
surgery.

Long-Term Facial Function
Data from this study support the general finding that facial
outcome after translabyrinthine surgery is highly depending
on the size of the tumor.6,16,18,19 Overall, �70% had a good
outcome, and these results are comparable to those reported
by some authors,17–19,30 but somewhat inferior to those
reported by others.6,17,31 Again, the problem with different
ways of reporting tumor size should be taken into consider-
ation, and it is recommended that future series follow the
international recommendations as we have done here.

The general clinical experience is that in patients with
larger tumors the facial nerve is thin and fragile, and trying to
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attain complete tumor removal may very well be on the
expense of an intact facial nerve and thereby the chance of a
good facial outcome. This further supports the surgical strat-
egy of leaving microscopic tumor remnants on the facial
nerve if it is judged that the nervewill be damaged by further
dissection. Some authors suggest staged procedures for large
tumors32 with primary debulking via a retrosigmoid ap-
proach and secondary translabyrinthine resection of residual
tumor, but in the majority of these cases small tumor
remnantswere anyhow left on the facial nerve. An alternative
approach is primary surgical debulking followed by stereo-
tactic radiotherapy,33,34 but too little data are available to
evaluate the outcome of such schemes. Besides, it is our
general experience that tumors of any size can be removed
via the translabyrinthine approach, and we share concern
about radiotherapy in the treatment of histological benign
tumors in younger patients.6 Nevertheless, larger tumor
remnants often grow,23,24,35 and from a practical clinical
perspective some form of plan for follow-up or secondary
procedures should be available for such patients.

This study confirms that the majority of the patients with
an early postoperative facial paresis will spontaneously
improve over time.6,16 This supports longer clinical follow-
up before secondary facial nerve repair is considered in
patients with an anatomically intact facial nerve. Also, it
should be taken into consideration that the best facial
function attainable after secondary facial nerve repair is
HB grade 3,6,36 which should be compared with the existing
facial function of the patient and the symptom relieving
effects of cosmetic surgery and/or eye lid surgery to attain
eye closure.37

In this study, only few patients experienced a progressing
facial paresis, and though some authors suggest using ste-
roids in these cases the effect of such treatment is not based
on evidence from larger clinical studies.38,39 Also, some
authors suspect viral reactivation of a latent infection, similar
to the proposed mechanism of Bell’s palsy, as the cause of
progressive paresis and suggest antiviral prophylactic.6,38–40

Again, such treatment is currently not based on hard
evidence.

Conclusion

In this large series of patients, the translabyrinthine ap-
proach proved efficient in tumor control and with satisfac-
tory facial nerve outcome. Good long-term facial function
was obtained in the majority of the patients with smaller
tumors, and the majority of the facial paresis observed in
the early postoperative period spontaneously improved
during the following months. This observation is important,
as it implies the need for a long observation period before
facial reanimation procedures are considered in patients
with anatomically intact nerves.With larger tumors the risk
of a persistent facial paresis is more evident, and more data
on patients managed by alternative strategies are war-
ranted. Leaving small tumor remnants on the facial nerve
in “difficult tumors” to preserve integrity of the nerve
seems reasonable, as these patients in general will have

the same chance of a good facial outcome as patients with
complete tumor removal. Furthermore, preliminary results
suggest that the growth potential of such small remnants is
limited. Over 33 year, we have experienced 12 cases where
the patient died from direct complication to surgery. These
patients were generally older and had larger tumors than
the average patient. This calls for a conservative attitude
toward surgery in elderly patients, and further demon-
strates the need for more data on alternative management
strategies in larger tumors. Also, it demonstrates the need
for intensive clinical observation in the early postoperative
period, and the possibility to react rapidly if signs of serious
complications should occur. After translabyrinthine surgery
the risk of postoperative CSF leakage is limited, and most
wound leaks can bemanaged conservatively or with lumbar
drains. Conversely, about half the patients with rhinoliquor-
rhea will need a secondary procedure. Fortunately, mod-
ifications in our surgical closure technique seem to have
decreased that risk of CSF leakage. Based on these observa-
tions, we still consider the use of the translabyrinthine
approach for tumors of any size in cases where functional
hearing preservation is not an issue.
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