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Background and Objectives: Controversy related to the choice of surgical approach for
vestibular schwannoma (VS) resection remains. Whether the retrosigmoid (RS) or translaby-
rinthine (TL) approach should be performed is a matter of debate. In the context of a lack of
clear evidence favoring one approach, we conducted a retrospective study to compare the
morbidity rate of both surgical approaches. Subjects and Methods: 168 patients underwent
surgical treatment (2007—2013) for VS at our tertiary care center. There were no exclusion
criteria. Patients were separated into two groups according to the surgical approach: TL group
and RS group. Signs and symptoms including ataxia, headache, tinnitus, vertigo and cranial
nerve injuries were recorded pre- and postoperatively. Surgical complications were analyzed.
Perioperative facial nerve function was measured according to House-Brackmann grading
system. Results: Tumor resection was similar in both groups. Facial paresis was significantly
greater in RS group patients preoperatively, in the immediate postoperative period and at
one year follow-up (p<0.05). A constant difference was found between both groups at all
three periods (p=0.016). The evolution of proportion was not found to be different between
both groups (p=0.942), revealing a similar rate of surgically related facial paresis. Higher
rate of ataxic gait (p=0.019), tinnitus (p=0.039) and cranial nerve injuries (p=0.016) was
found in RS group patients. The incidence of headache, vertigo, vascular complications,
cerebrospinal fluid leak and meningitis was similar in both groups. No reported mortality in
this series. Conclusions: Both approaches seem similar in terms of resection efficacy. How-
ever, according to our analysis, the TL approach is less morbid. Thus, for VS in which hear-
ing preservation is not considered, TL approach is preferable.
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Introduction

Observation, stereotactic radiotherapy (SR), surgical re-
moval or combined approaches are all accepted treatment
options for vestibular schwannomas (VS), with no clear es-
tablished criteria for treatment selection. Due to their unpre-
dictable evolution, observation with regular follow-up by
magnetic resonance imaging (MRI) is an option in carefully
selected patients [1,2]. Surgical management should be con-

This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (https://creative-
commons.org/licenses/by-nc/4.0/) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

sidered for large tumors in healthy patients [3-5], considering
challenging adequate SR results for tumors of this size. It is
also the recommended primary modality for the treatment of
large, symptomatic or growing VSs [6,7].

Surgical approaches for resection of VSs have evolved
considerably in the last few decades. Indeed, important con-
tribution from various surgeons in the 20th century including
Dandy [7] and House [8] has lead us to refining the different
approaches performed nowadays. Although technically dif-
ferent, all surgical approaches aim to maximize total tumor
removal with preservation of neurological functions [9-11].

Controversy related to the choice of surgical approach re-
mains. Whether the retrosigmoid (RS) or translabyrinthine
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(TL) approach should be performed is a matter of debate. The
TL approach is generally considered ideal in patients with
non-serviceable hearing (Gardner-Robertson Class III or IV
hearing level) since complete hearing loss will ensue follow-
ing resection. The belief that this approach is associated with
a lower rate of facial nerve paresis due to earlier identifica-
tion of the facial nerve [12] remains controversial, with stud-
ies revealing a higher risk of facial injury than its counterpart
[9,13,14]. On the other hand, even though the RS approach
allows for hearing preservation in small tumors, its technical
aspects seem to be associated with higher incidence of post-
operative headache and cerebrospinal fluid (CSF) leak [9,15].
Additional postoperative complications including other crani-
al nerve palsies, cerebellar and vascular complications have
been compared for both approaches [12-14,16,17]. Neverthe-
less, no reproducible conclusions have been identified. For that
reason, we conducted a retrospective study to compare the
morbidity rate of both surgical approaches in our institution.

Subjects and Methods

Between January 2007 and December 2013, 168 patients
underwent surgical treatment for VS at our tertiary care cen-
ter. All patients were selected for a retrospective chart review.
Data collection was performed by one single individual. Pre-
and postoperative clinical and radiological data were reviewed.
The following information was recorded: age, sex, affected
side, initial signs and symptoms, tumor surface, size in the in-
ternal auditory canal (IAC), extension anterior to the longitu-
dinal axis of the IAC, extent of surgical removal (total versus
partial) based on preoperative visualization and postoperative
imaging, duration of surgery, hospital stay, duration of follow-
up and surgical complications.

All patients that underwent surgical resection for VS
through a TL or RS approach were included. There were no
exclusion criteria. All tumor characteristics were measured on
Siemens SOMATOM Sensation 16 or 64-slice CT scanners
(Siemens Healthcare GmbH, Erlangen, Germany) with a slice
thickness of 3 mm. Estimated tumor surface on axial plane
was obtained by multiplying the two largest extrameatal diam-
eters using planimetric measurements. MRI was not available
for all cases justifying the use of CT scan measurements.

Neurophysiological facial nerve monitoring was used for
all cases. Facial nerve function both pre- and postoperatively
was measured according to the House-Brackmann (HB) grad-
ing system [18].

Patients were divided in two groups. TL group represents
patients who underwent VS resection through a TL approach,
whereas RS group includes patients treated by RS approach.
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Groups were divided depending on the main surgeon: when
the main surgeon was a neurosurgeon assisted by the neu-
rotologist, RS approach was chosen; when the main surgeon
was a neurotologist assisted by the neurosurgeon, TL approach
was chosen. The TL and RS technical aspects performed for
patients in their respective groups have already been de-
scribed in details previously [19].

Although surgeon’s preference influenced the selection of
one approach over the other, preservation of preoperative hear-
ing status as well as the size of the tumor (<1.5 cm) favored
the RS approach. On the other hand, the TL approach was per-
formed in cases of non-serviceable hearing and larger tumor
sizes, considering the potential preservation of facial function
often described with this technique.

All patients signed the informed consent form. This study
was approved by our Institutional Review Board and got the
ethics committee approval number: CE 08.099.

Statistical analysis

The Pearson chi-square test was used to compare postopera-
tive data in both groups for the following categorical variables:
extent of surgical removal, postoperative vascular complica-
tions, CSF leak and meningitis.

Student t-test analysis was used for comparison of contin-
uous variables including age, estimated tumor surface, size
in the TAC, extension in front of the IAC, duration of sur-
gery, hospital stay and duration of follow-up.

Two-sided analysis via Pearson chi-square test of both pre-
and postoperative vertigo, headache, ataxia, tinnitus and non-
facial cranial nerve injuries was performed: the number of
cases that improved, deteriorated or remained stable were re-
corded in order to correlate any change in those parameters to
the surgical procedure. Thus, data in both the pre- and post-
operative period were necessary to analyze the evolution.
Data for postoperative ataxia, vertigo, headache, and tinnitus
was recorded one month following surgical intervention,
while cranial nerve injuries were analyzed in the immediate
postoperative course.

ANOVA of repeated measures was used for analysis of fa-
cial paresis preoperatively, in the immediate postoperative pe-
riod and at one-year follow-up. Clinical cut-off for facial pa-
resis was defined as HB of more than II. A p value less than
0.05 was chosen to indicate statistical significance.

Results

Patient population
168 patients were included for analysis: 129 patients un-
derwent TL VS resection while 39 underwent RS VS resec-
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tion. TL resection is a more frequently performed technique at
our institution explaining the larger amount of patients includ-
ed in that group. Despite this discrepancy, groups were statis-
tically comparable.

TL group

129 patients were included in this group. Their mean age
was 51.91 years (range 22—80 years) with a near equal male-
female and right-left side distribution (53% female; 51%
right side). None of these patients had undergone previous sur-
gery or radiation therapy. The mean follow-up duration was
17 months (range 1—119 months).

RS group

39 patients were included in this group. The mean age was
51.77 years (range 24—79 years). Female predominance (54%)
and a higher rate of right-sided lesions (25 patients, 64.1%)
were also observed. None of these patients had undergone
surgery or radiation therapy prior to admission. The mean
follow-up duration was 45 months (range 3—118 months).

Preoperative tumor characteristics

Data was obtained for all 168 patients. Estimated tumor
surface was comparable for both groups, revealing a mean of
4.64 cm” for TL group and 3.66 cm” for RS group (p=0.325).
Mean extension anterior to the longitudinal axis of the IAC was

Table 1. Preoperative tumor characteristics

. Approach
Tumor characteristics
TL group RS group
Number of patients 129 39
Mean estimated surface (cm?) 4.64 3.66
Extension anterior to the IAC (cm) 0.1 0.67
Size in the IAC (cm) 0.80 0.94

p>0.05 according to student t-test for all characteristics. TL:
franslabyrinthine, RS: retrosigmoid, IAC: internal auditory canal

Table 2. Evolution of signs and symptoms following surgical excision

measured at 0.11 cm for TL group and 0.67 cm for RS group
(»=0.192), thus revealing no statistically significant differ-
ence. Comparison of the intracanalar extension between both
groups (0.80 cm and 0.94 ¢m for TL group and RS group, re-
spectively) showed no difference (p=0.615) (Table 1). Hence,
tumor characteristics were considered comparable for both
groups.

Initial presentation

At initial presentation, the rate of patients presenting with
ataxic gait, headache, vertigo and non-facial cranial nerve in-
juries was higher in RS group. Statistically significant differ-
ence was revealed for ataxia and cranial nerve injuries. On
the other hand, tinnitus was significantly more frequent in
TL group patients (Table 2). Finally, facial nerve function was
analyzed: no patients of TL group vs. 6 patients of RS group
(15.8%) exhibited facial paresis preoperatively.

Intraoperative parameters

Total resection was similar in both groups (TL group: 85%;
RS group: 72%, p=0.079). Difference in the mean duration
of surgery between both groups was found to be significantly
different (TL group: 6.43 hrs; RS group: 8.19 hrs, p=0.004).

Postoperative events

Facial paresis

In the immediate postoperative period, facial paresis was
noted in 37 patients of TL group (28.7%) and 16 patients of
RS group (41%). At one-year follow-up, the HB of 14 cases
(12.7%) and 9 cases (28%) of TL and RS group respectively
was greater than II. In their respective group, a significant
increase in facial paresis was found between the preoperative
and the immediate postoperative period (p<0.001); an impor-
tant improvement was observed between the immediate

Approach
TL group RS group

Initial Available Worsened Stable Improved Initial Available Worsened Stable Improved

presentation (%) cases’ (%) (%) (%)  presentation (%) cases’ (%) (%) (%)

Ataxic gait* 41/112 (36.6)" 96 11(11.5  61(63.5) 24 (25) 20/39 (51.3) 25 728 17 (68) 1(4)
Headache 27/112(24.1)" 95 6(6.5) 74(77.9) 15(15.8)  18/39 (46.2) 22 3(13.6) 15(68.2) 4(18.2)
Tinnitus* 92/114(80.7)" 106 2(1.9) 37 (34.9) 67 (63.2) 22/38(57.9)" 36 1(2.8) 21(58.3) 14(38.9)
Vertigo 46/112 (41.1)7 107 12(11.2) 71 (66.4) 24 (22.4) 24/39 (61.5) 36 3(8.3) 25(69.4) 8(22.2)

CNinjuries*  7/129 (7.4) 129 4(3.1) 124 (96.1) 1(0.8) 7/39 (17.9) 39 6(15.4) 33(84.6) 0(0)

Worsening, stability and improvement are obtained by comparing the postoperative to the preoperative signs and symptoms.
Postoperative data was obtained at one month with the exception of CN injuries that was obtained in the immediate postopera-
five period. #*p<0.05 between both groups according to Pearson chi-square test, revealing a more favorable evolution for TL
group patients, "data was not available for all cases at initial presentation, "available cases for two-sided analysis. TL: translaby-

rinthine, RS: retrosigmoid, CN: cranial nerve
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postoperative period and the one-year follow-up (p<0.001).
However, RS group was associated with a higher rate of facial
paresis than TL group for all three periods (p<0.05) and the
difference remained constant (p=0.016). Thus, the evolution
of proportion was not significantly influenced by the surgical
approach (p=0.942) (Fig. 1).

Vestibular complications

Two-sided analysis was performed in all cases for which
pre- and postoperative data were available. Results revealed
a higher rate of ataxia in patients surgically treated by RS ap-
proach (p=0.019) (Table 2). Incidence of vertigo was not as-
sociated with any of the two surgical approaches (p=0.886)
(Table 2).

Headache

Regarding the incidence of headache, no difference was
found between both groups. Development postoperatively did
not correlate with the surgical approach (p=0.466) (Table 2).

Tinnitus

Of the available cases for two-sided analysis, postoperative
tinnitus development was greater in patients treated by RS
surgical approach (p=0.039) (Table 2).

Cranial nerves injuries

In the preoperative period, the RS group revealed a higher
rate of cranial nerve injuries. In their own respective groups,
six patients complained of hypoesthesia ipsilaterally to the le-
sion and one presented with dysphagia. Postoperatively, high-
er incidence of cranial nerve injuries was correlated with the
RS approach (p=0.016) (Table 2).
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Fig. 1. Evolution in time of facial function in relation to the surgical
approach. TL: Translabyrinthine, RS: Retrosigmoid, HB: House-
Brackmann.
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Vascular complications

In TL group, 2 cases were complicated with cerebellar he-
matomas, 1 case with pontine ischemia and 2 cases with both
cerebellar and pontine ischemia, whereas in RS group, cere-
bellar hematomas were recorded in 3 cases. Overall, no dif-
ference was noted between the two groups (Table 3).

CSF leak and meningitis

CSF leaks were diagnosed by direct visualization or CSF
analysis for B2 transferrin. All cases of meningitis were diag-
nosed through standard CSF culture.

In TL group, a total of 10 patients had CSF leaks (7.8%); 8
patients exhibited wound leakage and 2 had rhinorrhea. Of
those 8 patients with wound leakage, 3 were treated with
lumbar drains and 2 with dressings and bed rest. The last 3
patients required a surgical treatment; one of those was com-
plicated with meningitis. In addition, rhinorrhea was recorded
in two patients, ultimately necessitating a surgical procedure.
One of those 2 patients subsequently developed meningitis.

In RS group, CSF leak was observed in 5 patients (12.8%).
CSF leakage through surgical wounds was seen in 2 patients,
both treated with lumbar drains. Rhinorrhea was observed in
2 cases, one treated with lumbar drain and one treated surgi-
cally with concomitant meningitis. One case exhibited fea-
tures of both wound leakage and rhinorrhea and was treated
by surgical repair. Meningitis was also recorded in that patient.

The difference in CSF leak between both groups was found
to be non-significant (p=0.331). Regarding the total rate of
meningitis, a non-statistically significant difference was found
(p=0.902) (Table 3).

Hospital stay

The length of stay was measured from the day of surgery to
discharge. The difference between both groups was significant.
Mean hospital stay was 7.47 days for TL group and 15.97 days
for RS group (p<0.05) (Table 3). No mortalities were observed
per-hospitalization.

Table 3. Postoperative parameters and surgical complications

Post-op parameters/ Approach
complications TL group RS group
Total number of cases 129 39
Meningitis, n (%) 6(4.74) 2(5.1)
CSF leak, n (%) 10 (7.8) 5(12.8)
Vascular complications, n (%) 5(3.9) 3(7.7)
Mean hospital stay (days) 7.47* 15.97*

Vascular complications include cerebellar/cerebello-pontine
angle hematoma, cerebellar ischemia and pontine ischemia.
#p<0.05 according to student t-test. TL: translabyrinthine, RS:
retrosigmoid, CSF: cerebrospinal fluid
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Discussion

The present study was designed to compare the morbidity
rate between the RS and TL approach for the treatment of
VS. Our analysis revealed that both groups had tumors of
similar estimated surface, extension in and anterior to the
longitudinal axis of the IAC as well as a comparable degree of
resection. Thus, the two groups were considered comparable
and subsequent analysis of morbidity was performed. Since in
our center, sigmoid sinus was never an obstacle for a TL, nei-
ther for a RS approach, we never noted its position.

The potentially wide symptomatic spectrum described by
patients with VS is well represented in patients with large le-
sions. Clinical presentation of patients with large VS involves
hearing loss (96—100%), tinnitus (42—46%), trigeminal dys-
function (10—14%) and the compressive effect on the middle
cerebellar peduncle and cerebellum (44—88%) [7]. In previ-
ous studies, the largest diameter has been the measurement
of choice for tumor size [12,16,20,21]. Considering the ana-
tomical location of the surrounding structures and the vari-
ability of tumor shape, we believe that the estimated tumor
surface measured by multiplying the two largest diameters
on axial plane is a more optimal method for tumor size mea-
surement and a better representation of its morphology. In
fact, the longitudinal diameter reflects the anterior extension
and the potential facial nerve compression on the adjacent
petrous bone whereas the transverse diameter contributes to
the structural damage by compressing the cerebellum as well
as the vestibulocochlear and facial nerve near the IAC. In ad-
dition, the bi-axial tumor size is more representative of the ef-
ficacy and facility of resection: better exposure and shorter
dissection are not only related to the largest diameter but rath-
er to the tumor’s dimensions.

Facial nerve function has been attributed to be the best in-
dicator of quality of life [22]. In addition to complete tumor
removal [11], its preservation is described as a main objec-
tive in VS resection [16]. Choice of surgical approach for the
treatment of VS remains controversial, and whether the TL
or the RS approach is associated with a lower risk of facial
nerve injury is unclear. Studies have revealed that facial func-
tion is associated with a higher risk of immediate postopera-
tive paresis following RS approach [12]. Although tumor size
is considered a poor predictor of facial nerve preservation
[20,23], the RS approach seems to have an independent harm-
ful effect on facial nerve injury, as depicted in studies where
comparable tumor size were analyzed [12]. On the other hand,
Ansari, et al. noted that the RS approach seemed more benefi-
cial in facial nerve maintenance for tumors 1.5—3 cm [1].

Although tumor size and degree of resection affect the rate
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of facial paresis [8], similar measurements for these parame-
ters were observed in both groups enabling comparison. De-
spite neurophysiological facial nerve monitoring, facial dys-
function has been observed in a fair proportion of patients in
both groups. Such paresis was mainly observed in cases of
highly adherent tumors and resulted from traction injury. As-
sociation between the TL approach and a lower risk of facial
paresis due to better localization of the facial nerve [16] was
not confirmed in our study. Both approaches revealed a simi-
lar rate of facial nerve dysfunction. These findings are sup-
ported by recent reports in the literature [6,16]. Indeed, Guer-
gel, et al. [12] observed in a systematic review that the surgical
approach did not seem to influence facial nerve outcome.

According to Ansari, et al. [1], the surgical approach does
not influence the rate of non-facial cranial nerve injuries.
Our results do not correspond to those findings, revealing a
higher rate of cranial nerve injuries in patients treated by RS
approach. This is not surprising, since a wider exposure is
achievable through the TL approach [24], allowing meticulous
nerve root dissection.

CSF leak is the most common complication following VS
surgical resection, with an incidence reaching up to 30% of
cases [25]. Incisional leaks result from an abnormal commu-
nication with the subarachnoid space [26], while rhinorrhea
is a consequence of an iatrogenic communication with the mid-
dle ear and subsequent access to the Eustachian tube through
pneumatized air cell tracts. Thus, optimal wound closure and
adequate obliteration of air cells with bone wax are neces-
sary steps in preventing incisional and rhinorrheal CSF leaks
[16,27]. Few authors, including Ansari, et al., revealed a high-
er rate of CSF leak in patients that underwent a TL surgical
resection rather than RS [9,23]. Despite an incidence of CSF
leak similar to the literature [9,26], our results did not illus-
trate any difference of CSF leak between both groups. Sup-
porting evidence reveled a comparable rate of CSF leak for
both groups [26,28,29]. We recommend, in addition to prop-
er closure and obliteration of air cells, abdominal fat place-
ment of the drilled-out region following TL tumor resection.
In our experience, these key steps lower the incidence of leak-
age [25]. Additional precautions such as Eustachian tube clo-
sure with aponeurosis patches through the epitympanum
(Glasscock’s technique) have been used in some centers [7,16]
for diminishing the risk of CSF leak following TL approach.
For all patients in this study, postoperative pressure dressings
were applied and anti-Valsalva instructions were explained.

Meningitis is a serious complication of VS surgery. Its rate
often correlates with CSF leak incidence [26]. Similarly to
CSF leak analysis, our study revealed no difference in the
rate of meningitis between both groups, suggesting that such



infection often results from CSF fistula. Patients diagnosed
with meningitis by CSF cell count were initially started on
empiric intravenous antibiotics. Following CSF culture results,
antibiotics were narrowed according to sensitivity and contin-
ued for a total of 2 weeks.

Vascular complications following VS resection have been
described in up to 7% of patients [20]. These include arterial,
venous infarcts and hematomas from various locations around
the surgical site. Cerebellopontine angle hematomas usually
have a poor prognosis, with a mortality rate reaching 50% in
some series [30]. Ischemic complications, especially pontine
infarcts, also have a major postoperative impact on overall
morbidity. Particular attention in arachnoid plane preservation
is a key element to the dissection. It allows preservation of the
recurrent perforating and the distal anterior inferior cerebellar
artery [31] and prevents ischemic consequences. Our study,
for which House, et al. [8] reproduced the results, illustrated
a similar rate of overall vascular complications in both treat-
ment groups. Thus, the belief that cerebellar retraction might
lead to higher rate of infarcts [32] was not observed in our
study. This suggests that precise surgical technique rather
than the choice of approach is the major factor in preventing
vascular complications.

Evaluation of postoperative vertigo and ataxic gait was
performed one month following surgical resection. Those
symptoms are often attributed to the surgical act, but rarely
considered true complications [16]. It is not uncommon that
in the postoperative period, patients exhibit disequilibrium
and vertigo [24,27]. The extent of symptoms depends on the
preoperative vestibular function. As the tumor grows, the ves-
tibular nerve becomes damaged. However, central compensa-
tion seems to occur in patients with slow growing tumors al-
lowing for symptomatic stabilization. If partial peripheral
function remains despite tumor enlargement, acute vertigo
and ataxic gait might be observed following resection and of-
ten result from surgical transection of one branch of the ves-
tibular nerve [33]. However, our experience suggests that pro-
found preoperative vestibular deficit is associated with mild
to absent ataxia and vertigo postoperatively. For that reason,
in order to predict the postoperative symptomatic course, we
recommend preoperative videonystagmography for all pa-
tients. Ho, et al. [15] compared the TL and RS approaches
and concluded that both approaches had similar incidence of
vestibular symptoms including vertigo and ataxia. The pres-
ent study illustrates a higher rate of ataxic gait in patients
treated by RS approach. Based on the literature, we believe
that the need for cerebellar retraction in the RS approach plays
a major role in the development of disequilibrium by direct
compression of the cerebellum [34]. This complaint does not
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seem transient considering its persistence one month postop-
eratively. Supporting evidence came from Kane, et al. who
recorded that up to 65% of patients complain of dizziness and
unsteadiness 3 months to 7 years after RS approach [21]. Re-
gardless of the chosen surgical approach, we recommend ves-
tibular rehabilitation following surgery for all patients with
new-onset symptoms of disequilibrium or vertigo.

Tinnitus is another common symptom in patients with VS
(60—80%) [35] which often affects quality of life. In addi-
tion to its manifestation preoperatively, it often presents in
patients following VS surgery [27]. Our analysis revealed a
statistically significant higher rate of new-onset tinnitus in
patients treated by RS approach. Studies have shown that the
TL method might be associated with a greater incidence of
new-onset tinnitus because of the loss of peripheral excita-
tions [35]. Nevertheless, our findings are supported by a
study performed by Harcourt, et al. who noticed that section-
ing the cochlear nerve might lead to symptomatic improve-
ment [13].

The incidence of postoperative headaches can reach up to
65% of cases in patients operated for VS [24]. Despite opti-
mal surgical technique, headaches more often result from the
RS rather than the TL approach. Several causes have been
identified including dural adhesion to nuchal muscles with
subsequent pain upon neck movements, direct dural closure
leading to increased tension, cerebellar retraction, occipital
nerve entrapment or sectioning during scalp dissection and
injury to nuchal muscles [9,24,27,36,37]. On the opposite, a
recent study showed no statistical difference in the rate of new-
onset headache between the two approaches [9]. Our results
lead to a similar conclusion: a comparable incidence of post-
operative headache was recorded.

Short postoperative hospital stay is an important preventive
measure to nosocomial complications. Our study revealed a
shorter hospital stay in patients treated by TL rather than RS
approach. It is not surprising since, according to our analysis,
the overall complication rate was greater in patients that un-
derwent RS VS surgery. We believe that postoperative ataxic
gait is the main determinant of a longer hospital stay, consid-
ering the lengthy rehabilitation prior to discharge.

The main limitation of our study is its retrospective aspect.
Hence, for some parameters, data was not available, decreas-
ing the power of the analysis. In addition, a possible follow-
up bias could have occurred. However, considering a mean
follow-up period of 17 months in the TL group and 45 months
in the RS group, adequate analysis of the required parameters
up to one year was possible for most cases. An additional limi-
tation is the relatively small number of cases in the RS group
compared to the TL group. Moreover, a confounding bias
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likely occurred: patients from the TL group were operated by
a different surgeon than RS group patients. Finally, the sur-
geon’s preference of surgical approach in each respective group
constitutes a selection bias.

Despite these limitations, our analysis reveals that the TL
approach is associated with a lower risk of surgical compli-
cations than the RS approach. Previous studies comparing both
approaches have been done, but no consensus for the choice of
surgical approach has been agreed on. For that reason, we be-
lieve that these analyses were necessary to provide additional
evidence for surgical treatment of VS.

In conclusion, for VS in which hearing preservation is not
considered, TL surgical approach is preferred. According to
our analysis, it is associated with a lower risk of cranial nerve
injuries, ataxic gait and tinnitus and leads to a shorter hospi-
tal stay. The lower morbidity rate associated with the TL ap-
proach dictates surgical planning and allows improvement in
quality of life.
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