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Vestibular schwannomas (VS) mainly arise from either the superior vestibular nerve
(SVN) or inferior vestibular nerve (IVN). The SVN innervates the lateral semicircu-
lar canal (LSC) and anterior semicircular canal (ASC), utricle, and part of the sac-
cule. On the other hand, the IVN innervates the posterior semicircular canal (PSC)
as well as most of the saccule. On this basis, preoperative vestibular testing in
patients affected by VS can be useful to predict which one of the vestibular nerves
the tumor arises from. The relevance of identifying the nerve of origin in VS lies in
its prognostic factor for hearing preservation after surgery [1-5], with tumors aris-
ing from the SVN having a 61-80% of hearing preservation rate, compared to
16—43% for an IVN origin [1, 4, 5] in cases when hearing preservation is attempted.

Diverse studies in the literature have tested the correlation between asymmetric
or pathological vestibular testing results and the nerve of origin of VSs, with subse-
quent controversial conclusions. The techniques that have been experimented in
such context are posturography, vestibular evoked myogenic potentials (VEMPs),
caloric test (always in combination with VEMPs), and video head impulse test
(VHIT).

19.1 Posturography

Computerized dynamic platform posturography (CDPP) is a sensory organization
test that consists of six conditions (i.e., the steps of the examination) of increasing
difficulty in separate 20 s trials; a balance score ranging from 0% (worst) to 100%
(best) is assigned for each condition. Conditions 5 and 6 assess the vestibular com-
ponent of the balance system separately by eliminating, through sway-referencing,
information from vision and somatosensation, respectively. During condition 5, the
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patient stands on the mobile, sway-referenced platform with their eyes closed.
During condition 6, the patient stands with their eyes open on a mobile, sway-
referenced platform with a sway-referenced visual surround. Condition 5 score
(C5S) and condition 6 score (C6S) are the respective arithmetic means (in %) of the
scores recorded during three repetitions of each condition. Results below the fifth
percentiles of age-matched normal individuals are rated as pathologic [1].

Gouveris et al. [6] performed a retrospective study to test whether CDPP find-
ings could preoperatively predict the nerve of origin of VSs. Seventy-five consecu-
tive VS patients were evaluated; C5S, C6S, vestibular ratio (VER), and mean
overall balance score (MOBS) were calculated for each patient. The nerve of VS
origin was identified intraoperatively. Although lower median values for C5S and
C6S were observed in patients with SVN compared with IVN tumors, none of the
four scores showed any significant difference between the SVN and IVN groups of
VS patients [6].

Borgmann et al. [1] combined posturography and caloric electronystagmography
(ENG); caloric testing was done by standard bithermal irrigation of the vestibular
organ, using water at 30 and 44 °C, to stimulate the LSC and thus yield a functional
depiction of SVN functional state. Eye movements were recorded by ENG, and the
maximal slow-phase eye velocity was used to calculate canal paresis. A percentage
of left-right difference >25% was defined as pathologic. Eighty-nine patients with
VS originating from the IVN and 22 patients with VS from the SVN were included.
Pathologic results in preoperative caloric ENG (p < 0.0001) and CDPP (p = 0.025)
were significantly more frequent in subjects with SVN than with IVN VSs. In addi-
tion, hearing preservation rate was significantly higher in patients with tumors from
the SVN than from the IVN (p = 0.011) [1].

19.2 VEMPs and Caloric Test

VEMPs’ apparatus arrangement may differ according to the protocols used; how-
ever, a surface electrode is always placed on the upper half of the sternocleidomas-
toid muscle ipsilateral to the stimulated ear along with a reference electrode on the
upper sternum and a ground electrode on the nasion [4, 7]. The patients are then
instructed to rotate their heads toward the non-stimulated ear side. During record-
ing, electromyographic activities are monitored on a display to maintain muscle
activity at a constant level. Clicks and bursts (of different duration and intensity
according to the chosen protocol) are presented through a headphone at a determi-
nate stimulation rate. After response averaging, the amplitude of the first positive-
negative peak—i.e., p13-n23—is analyzed, and the percentage of response
asymmetry between the two sides is calculated, if present. The responses of VEMPs
are regarded as abnormal when the responses on the affected side are absent or
decreased compared with those of the unaffected side [4, 7].

VEMPs and caloric test can be regarded as complementary vestibular tests. In
fact, they allow for IVN and SVN individual examination, respectively. VEMPs are
designed to elicit the vestibulocollic reflex, thus stimulating ASC and PSC, the latter
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of which is innervated by IVN. On the other hand, the injection of either cold [4, 7,
Ushio] or hot [1] water into the external auditory meatus evokes the vestibulo-ocular
reflex (VOR) (recorded by ENG), thus stimulating the LSC, innervated by SVN.

Tsutsumi et al. [8] performed a retrospective study to determine whether the
nerve of origin of VSs could be predicted using VEMPs alone. Twenty-eight patients
undergoing surgical resection were included in the analysis. Complete disappear-
ance of VEMPs was observed only in patients with tumors arising from IVN; there-
fore the authors concluded that prediction of the nerve of origin was possible only
in certain restricted cases [8].

Ushio et al. [9] described a series of 109 consecutive patients diagnosed as hav-
ing unilateral VS; each of them underwent both VEMPs and caloric test evaluation
before surgery. The nerve of origin of the tumor was identified in 63 of the 109
patients. The percentage of patients showing abnormal responses in each test was
not different between 37 patients with SVN VSs and 26 patients with IVN VSs:
abnormal caloric responses were seen in 86.5% (32/37) of patients with superior VS
and in 80.8% (21/26) of patients with inferior VS (p = 0.54), and abnormal VEMPs
responses were shown in 77.4% (24/31) of patients with superior VS and in 66.7%
(12/18) of patients with inferior VS (p = 0.41) [9].

Suzuki et al. [7] reported results similar to those of the study by Ushio et al. In
their 130-patient series, abnormal caloric and VEMPs response rates in patients
with tumors arising from the SVN were not significantly different from those in
patients with tumors of the IVN (y? = 0.618 for caloric test responses, SVN vs. IVN
tumor; x> = 0.715 for VEMPs responses, SVN vs. IVN tumors) [7].

In the prospective study by Chen et al. [10], eight patients with a cerebellopon-
tine angle (CPA) tumor underwent caloric test and VEMPs examination. Four of the
eight patients received surgical intervention, which included three cases of VS and
one epidermoid cyst. Follow-up study was performed 1 year after the surgery.
During the surgery, the patients with neither caloric response nor VEMPs had a
tumor that involved both SVN and IVN. On the contrary, in the one patient with a
normal caloric response and absent VEMPs, the tumor originated from IVN. In the
follow-up caloric test and VEMPs examination, only one patient with an epider-
moid cyst had a complete recovery in both tests, whereas the other three VS patients
with absent VEMPs were unchanged. In spite of the limited number of cases, the
authors concluded that before surgery, VEMPs test could be used to predict the
nerve of origin and to formulate the best surgical approach. After surgery, VEMPs
test could be used to define the nature of the tumor (compressing or infiltrating the
nerve) and disclose the residual function of the IVN [10].

He et al. [4] conducted as well a prospective study and enrolled 106 VS patients,
who received both caloric test and VEMPs examination before the surgical proce-
dure and during follow-up. During the operation, the nerve of origin (SVN or IVN)
was identified by the surgeon; proper identification of the nerve of origin was fea-
sible in 68 patients. The tumors arose from the SVN in 26 patients and from the
IVN in 42 patients. The results of the caloric tests and VEMPs tests were signifi-
cantly different in tumors originating from SVN and IVN. The combination of
abnormal VEMPs and normal caloric test response yielded a positive predictive
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value (PPV) as high as 21.4% of tumor originating from IVN; on the other hand,
the combination of normal VEMPs and abnormal caloric tests yielded a PPV as
high as 50% of tumor originating from SVN. The authors concluded that caloric
and VEMPs tests might help to identify whether VSs originate from the SVN or
IVN and that such tests could also be used to evaluate the residual function of the
nerves after surgery [4].

19.3 Video Head Impulse Test

The vHIT is a noninvasive test that allows quantitative evaluation of the gain of
VOR as well as the identification of covert (occurring while the head is still moving)
and overt (occurring once the head movement is finished) saccades on LSCs, ASCs,
and PSCs. The procedure consists in the analysis of eye movement (with a video-
oculography camera) during head movement, detected and quantified by a dedi-
cated sensor. The patient is asked to fix his gaze at a target | m away; then, the
examiner rotates the patient’s head randomly 15°-20° on the horizontal plane, thus
allowing for the evaluation of both LSCs. The vertical semicircular canals are evalu-
ated with a 45° head rotation to the right (left ASC and right PSC) and to the left
(right ASC and left PSC), each followed by an anterior and then a posterior impulse.
Twenty stimuli for every semicircular canal are performed to assure a sustained
response. The evaluated parameters are gain of VOR (relationship between the
velocity of head and eye movements) of every canal, expressed as percentage to
evaluate the functional deficit of the affected ear, and the presence of overt and
covert saccades. Gain of VOR is categorized as normal or abnormal according to
age-dependent normative values. Refixation saccades (both covert and overt) are a
physiological phenomenon used by the central vestibular pathways to compensate
for the low gain of VOR—thus, they are a sign of a deficit in VOR efficiency [11].
As vHIT analyzes each of the semicircular canals singularly, the detected alterations
may be interpreted as indirect signs of pathological compression or infiltration of
the corresponding vestibular nerve.

Rahne et al. [12] conducted a study to introduce a novel scoring system that was
designed to determine the nerve of origin of VSs, based on VHIT and cervical/ocular
VEMPs. The rationale in collecting results of both the functional tests was to gain
data as complete as possible about the functional state of both SVN and IVN. In
fact, vHIT analyzes the semicircular canals but not the utricle or the saccule. Instead,
cervical VEMPs correlate with saccular function and IVN activity as well as ocular
VEMPs correlate with utricular function and SVN activity. The parameters included
in the scoring system were abnormal gain of VOR and presence of saccades for each
of the semicircular canals, abnormal cervical VEMPs, and abnormal ocular VEMPs.
The preoperatively acquired data were entered into the scoring system, and the
nerve of tumor origin was eventually determined intraoperatively. The scoring sys-
tem was applied to five consecutive patients undergoing surgical VS treatment. In
one case, no determination was possible—this was the largest tumor of the cohort,
Koos Grade IV. In all the other cases, the preoperatively predicted tumor origin
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corresponded to the surgical finding, so that the experimented scoring system
yielded a PPV of 100% [12].

Costanzo et al. [11] preoperatively evaluated 31 VS patients with vHIT (gain of
VOR, overt and covert saccades on each semicircular canal were reported); the
nerve of origin was identified intraoperatively during surgical resection. Surgical
identification of the nerve of origin was achieved in 29 of the 31 patients, both the
remaining cases being Hannover-T4b lesions. Of the 19 surgically identified SVN
schwannomas, VHIT showed a SVN dysfunction pattern in 17 cases and a normal
response in 2 cases, giving a correct preoperative diagnosis rate—i.e., a PPV—of
89.5%. Of the ten IVN lesions, VHIT showed an IVN dysfunction pattern in nine
cases and a normal test in one case, giving a correct preoperative diagnosis rate of
81.8%. Overall, vHIT lead to a correct identification of the nerve of origin in 100%
of altered exams and in 26 (89.7%) of the 29 surgically identified cases. Therefore,
the authors concluded that the pattern of semicircular canal dysfunction on vHIT
has a localizing value to identify the nerve of origin in VSs [11].
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