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Four Cases of Acoustic Neuromas with

Normal Hearing

Michael Valente*
Judy Peterein*
Joel Goebel*

J. Gail Neely*

Abstract

In 95 percent of the cases, patients with acoustic neuromas will have some magnitude of
hearing loss in the affected ear. This paper reports on four patients who had acoustic neu-
romas and normal hearing. Results from the case history, audiometric evaluation, auditory
brainstem response (ABR), electroneurography (ENOG), and vestibular evaluation are
reported for each patient. For all patients, the presence of unilateral tinnitus was the most
common complaint. Audiologically, elevated or absent acoustic reflex thresholds and abnor-
mal ABR findings were the most powerful diagnostic tools.

Key Words: Acoustic neuroma, acoustic reflex threshold, auditory brainstem response (ABR),
electroneurography (ENOG), electronystagmography (ENG), posturography, reflex decay

coustic neuromas, better referred to
A as solitary vestibular schwannomas,

are benign tumors of the Schwann cell
sheath around nerve fibers in the vestibular
division of the eighth cranial nerve. They usu-
ally originate within the internal auditory canal
and may extend into the cerebellopontine angle
(CPA). The incidence is between 0.8 to 1.0 per-
sons per 100,000 population per year (Monsell
and Rock, 1990). Between 2000 and 3000 clin-
ical cases of vestibular schwannomas are diag-
nosed annually (Brackmann and Arriaga, 1993),
and an unknown number of additional cases are
found annually during autopsies. Approxi-
mately 92 percent are vestibular schwanno-
mas, 3 percent are meningiomas, 2.5 percent
are primary cholesteatomas, and 1 percent are
facial nerve schwannomas. The remaining 1.5
percent are a variety of malignant or benign
tumors near the acoustic or facial nerve (Dick-
ins and Graham, 1991; Brackmann and
Arriaga, 1993). If untreated, vestibular schwan-
nomas are eventually fatal in most cases (Mon-
sell and Rock, 1990).

*Department of Otolaryngology, Washington Univer-
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Symptomatology varies greatly, depending
upon the size, site, and nature of the tumor.
Johnson (1977), reporting on 500 cases of
acoustic neuromas, found that 95 percent of
the cases revealed unilateral sensorineural
hearing loss where 66 percent had a high-fre-
quency hearing loss, 13 percent had a flat hear-
ing loss, 12 percent had a trough configura-
tion, and 9 percent had a low-frequency hear-
ing loss. Similar findings were reported by
Nager (1993) and Brackmann and Arriaga
(1993). Although unusual, a patient with
acoustic schwannoma may reveal normal hear-
ing (Clemis and Mastricola, 1976; Musiek et al,
1986). Other symptoms may include tinnitus,
disequilibrium without rotary vertigo, facial
numbness, aural fullness or pain, and headaches
(Jerger and Jerger, 1981; Hart et al, 1983;
Weaver and Staller, 1984; Traguina et al, 1989;
Monsell and Rock, 1990; Dickins and Graham,
1991; Brackmann and Arriaga, 1993; Nager,
1993).

Tests to determine the presence of an
acoustic neuroma may include (a) a compre-
hensive audiologic evaluation including air,
bone, and spondee thresholds, word recognition
scores at more than one presentation level,
acoustic reflex thresholds, and reflex decay; (b)
auditory brainstem response (ABR); (c) elec-
troneurography (ENOG); and (d) evaluation of
vestibular function.
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The ABR is considered the most powerful
audiologic tool for detecting eighth nerve or low
brainstem lesions. The sensitivity/specificity of
ABRs in detecting acoustic/cerebellopontine
angle tumors is between 93 percent and 98 per-
cent (Glasscock et al, 1979; Selters and Brack-
mann, 1979; Bauch et al, 1982), while the false
positive rate has been reported to vary between
8 percent (Selters and Brackmann, 1979) and 23
percent (Bauch et al, 1982) and as high as 30 per-
cent (Clemis and McGee, 1979). Interpreting
an ABR includes calculating the (a) absolute
latency (in msec) for waveforms I through V;
(b) interwave intervals (I-III, III-V, and I-V); (¢)
interaural latency difference (ILD) for wave V;
(d) wave I/V amplitude ratio; and (e) determin-
ing the wave V latency shift with increased
stimulus repetition rate. Common findings
include delay in absolute latency of waveforms,
prolongation of the wave I-III, III-V, and I-V
interwave intervals, and a significant ILD of
wave V. The cases reported in this paper demon-
strate the importance of the ILD in detecting
acoustic tumors. At our facility, an ILD greater
than 0.3 msec is considered a positive indicator
of retrocochlear involvement. In some patients,
complete absence of ABR waveforms may occur
along with the exclusive presence of wave I.

ENOG, as described by Gantz et al (1984),
has become an important clinical tool for diag-
nosis and prognosis of patients with acute idio-
pathic facial paralysis. ENOG involves supra-
maximal peripheral stimulation of the facial
nerve with recording of the compound muscle
action potential and comparing the response
amplitude of the affected to the nonaffected
side. From these measures, a percentage of
amplitude reduction is calculated. Average inter-
side difference has been reported from 3 percent
(Esslen, 1977) to 50 percent, with an average of
20 percent (May et al, 1983). Based on this data,
an interside amplitude difference of 20 percent
or greater is considered significant.

Vestibular and balance testing may include
evaluating (a) the vestibulo-ocular reflex (VOR);
(b) the vestibulo-spinal reflex (VRS); (¢) visual
tracking (i.e., smooth pursuit, gaze, and sac-
cadic); (d) positional (static position) and posi-
tioning (Hallpike) nystagmus; and (e) the
somatosensory system. In addition, caloric stim-
ulation examines the low-frequency sensitiv-
ity of the lateral semicircular canal VOR. Fur-
ther evaluation of the visual and VOR function
can be performed during broad frequency
(0.01-1.0 Hz) rotary chair testing with and
without visual targets.
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Positional evaluation with dynamic plat-
form posturography (EquiTest) includes the Sen-
sory Organization Test, which comprises six con-
ditions that contain combinations of visual sur-
round and support surface movement. In general,
patients with acute unilateral or bilateral vestibu-
lar disease have significant difficulty with Con-
dition 5 (eyes closed, platform in motion) and/or
Condition 6 (eyes open, platform and visual sur-
round in motion). Furthermore, patients with
chronic compensated unilateral vestibular disease
(including slow growing tumors) usually have nor-
mal platform test results.

Unfortunately, no vestibular test is specific
for acoustic neuromas. Studies have shown the
existence of normal caloric responses in MRI
proven acoustic tumors (Guyot et al, 1992; Ols-
son et al, 1992; Thomsen et al, 1992). Others
have reported positional nystagmus as a possi-
ble clue for the presence of a neuroma (Haid et
al, 1992). In addition, large tumors with cere-
bellar and/or brainstem compression can cause
a variety of oculomotor dysfunctions, which
include gaze nystagmus, Brun’s nystagmus, sac-
cadic dysmetria, and abnormal smooth pur-
suit/optokinetic tracking. None of these find-
ings, however, is specific for neuromas and, con-
versely, the absence of caloric or oculomotor dys-
function does not rule out a tumor.

The major role of vestibular testing in patients
with acoustic tumors is the status of the opposite
ear and the flexibility of the central nervous sys-
tem in producing compensation of the lesion. Fol-
lowing surgical removal of the tumor, the patient’s
recovery depends upon the accurate utilization of
residual contralateral vestibular cues. Vestibu-
lar testing, therefore, is critical to define the sta-
tus of the central nervous system and the con-
tralateral labyrinth for designing rehabilitative
strategies in the postoperative period.

As mentioned earlier, some magnitude of
unilateral hearing loss is present in 95 percent
of patients with acoustic neuromas. However,
this report will illustrate four patients evaluated
at our clinic in whom hearing was within nor-
mal limits bilaterally, but who had a variety of
complaints that served as “red flags” to pursue
whether or not an acoustic tumor was present.

CASE REPORTS

Case 1

Five years ago, this 30-year-old female
reported acute onset of vertigo, nausea, and
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intermittent vomiting. She also reported “muf-
fled hearing” when she experienced fullness,
pressure, and tinnitus in the left ear. These
symptoms appeared after prolonged exposure to
loud sounds (i.e., Tullio phenomenon). Her physi-
cian reported that “the internal auditory canal
films revealed questionable enlargement on the
left side” and determined that the patient had
“vestibular neurinitis” and prescribed HydroDI-
URIL, Antivert, and Pavabid.
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Her symptoms continued and she was eval-
uated at this institution. She reported tinnitus
(“hum”) in the left ear and occasional vertigo. The
audiometric results (Fig. 1A) revealed normal
hearing bilaterally. However, hearing was 5 to 15
dB poorer in the left ear. Spondee thresholds,
word recognition scores, and tympanograms were
normal. Contralateral acoustic reflex thresholds
for the left ear were elevated or absent at 500 to
4000 Hz. Reflex decay was normal.
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Figure 1 Air-conduction thresholds, spondee thresholds, word recognition scores, and acoustic reflex thresholds for

the four cases.
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For the four subjects, ABRs were measured
using click stimuli at 70 dB nHI, with repetition
rates of 11.1 and 21.1/sec delivered via stan-
dard audiometric earphones (subjects 1 and 4)
or TIP 300 insert earphones (subjects 2 and 3).
The use of the TIP 300 insert earphones intro-
duced a delay of approximately 0.8 msec in stim-
ulus delivery, which resulted in an equivalent
delay in the absolute waveform latency. The
bandpass filter was set at 150 to 3000 Hz and
the recording sensitivity was adjusted to 20
microvolts. The number of averages per trial
varied from 1000 to 2000 for the four subjects,
Two-channel vertical recordings were obtained
with silver disc recording electrodes placed at
the vertex and bilaterally at the earlobes. A
ground electrode was placed at the forehead.
Only ipsilateral recordings are displayed in

Figure 2, A-D.

ABR results for the first case (see Fig. 2A)
were within normal limits bilaterally. However,
a significant wave V asymmetry was noted
(0.52 msec), suggesting retrocochlear involve-
ment on the left side. In addition, the wave I-V
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Figure 2 Preoperative ABR test results from the four cases,
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D Left

interpeak latency for the left side was prolonged
(4.32 msec) when compared to the right ear.

ENG was performed using bitemporal elec-
trode placement and four-channel recording.
There was a 6 to 8 degrees right beating nys-
tagmus seen only in right gaze. There was no
post-headshake nystagmus. Positional and posi-
tioning testing was negative for nystagmus.
Finally, bithermal binaural caloric irrigation
produced symmetric nystagmus. Fixation sup-
pression of the caloric-induced nystagmus was
normal. Dynamic platform posturography was
within normal limits.

An MRI revealed a small left cerebellopon-
tine angle lesion consistent with an acoustic
schwannoma that completely filled and enlarged
the left internal auditory canal.

Facial electromyographic (EMG) activity
was monitored throughout surgery. Significant
EMG activity was noted primarily during tumor
manipulation and dissection. Several bursts
and several sustained trains of EMG activity
were noted throughout surgery. Following com-
plete tumor removal, stimulation of the facial
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nerve resulted in replicated EMG recordings
consistent with facial nerve continuity. Slight left
facial weakness was noted postoperatively. Long-
term left facial nerve function was excellent.

Case 2

This 51-year-old female reported a “faint
pounding” tinnitus in the left ear as well as
pain and numbness on the left side of her jaw
for 2 months. She reported no problems related
to hearing. Her physician suggested that she see
her dentist for a tooth extraction and root canal.
Neither of these two procedures alleviated the
pain. The pain and numbness continued and
she complained of intermittent left-sided
headaches and mild problems with balance. Her
physician ordered an MRI, which revealed a 5-
cm left cerebellopontine angle tumor with a
large extension into the internal auditory canal.

She was seen at our facility and the audio-
metric evaluation (see Fig. 1B) revealed nor-
mal hearing bilaterally. Spondee thresholds,
word recognition scores, and tympanograms
were normal. Acoustic reflex thresholds for con-
tralateral stimulation to the left ear were ele-
vated at 2000 and 4000 Hz. Reflex decay was dif-
ficult to interpret due to wide needle excursions.

ABR (see Fig. 2B) for the left ear revealed
wave I present at a normal absolute latency
with a significant delay of wave V (approxi-
mately 10 msec with a stimulus level of 90 dB
nHL). Waveform morphology was poor with poor
repeatability of waves II, III, and IV. The wave
I-V interwave latency was significantly pro-
longed (7.6 msec).

ENOG (Fig. 3A) revealed compound muscle
action potential response amplitudes of 5000
microvolts and 6900 microvolts for the right
and left sides, respectively. These results were
consistent with a 28 percent reduction in the left
facial EMG response amplitude compared to
the right. Results suggested a slight subclinical
facial nerve involvement.

ENG was performed using bitemporal elec-
trode placement and four-channel recording.
Results revealed (a) symmetric but suppressed
caloric responses bilaterally; and (b) biphasic post-
headshake nystagmus with the initial phase beat-
ing toward the right (normal) side. Dynamic plat-
form posturography was within normal limits.

Bilateral suppressed caloric responses can
occur for many reasons (alertness, medications,
inhibition, central compensation, or true bilat-
eral vestibulopathy). In this case, the presence
of a left acoustic tumor is probably the cause of

Case Studies/Valente et al

A Left Right
B B
1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 L i 1
0 20
msec
Left ENOG  Right ENOG % Reduction
Amplitude microvolts | 5000 [ 6900 | 28%
B Left Right
1 1 ] 1 1 1 1 — 1 1 1 L 1 | 1 1 i
0 20
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Figure 3 Preoperative ENOG test results from two
cases.

the suppressed left caloric. The suppressed
caloric response in the opposite ear is likely a
result of central suppression by the cerebellum
to compensate for the static and, to some extent,
dynamic low-frequency asymmetry in the end
organ system. The presence of a post-headshake
nystagmus beyond 2-Hz stimulation with the ini-
tial phase beating toward the intact ear is good
evidence for persistent dynamic asymmetry at
higher frequencies. The presence of post-head-
shake nystagmus has been reported in both
acute and chronic vestibular injuries, with the
fast phase usually beating towards the intact side
(Hain et al, 1987; Wei et al, 1989; Goebel and
Garcia, 1992).

The patient underwent a combined
translabyrinthine/suboccipital approach to
remove the left acoustic tumor. ABR and facial
EMG monitoring were conducted throughout
surgery. The ABR was lost during translaby-
rinthine craniectomy surgery and the facial
nerve was extremely thinned and elongated by
the tumor. Due to the size of the tumor and
involvement of the facial and auditory nerves,
both nerves were sacrificed in order to achieve
complete tumor resection. Three weeks later, a
hypoglossal-facial nerve anastomosis was
performed.
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Due to the complete loss of hearing in the
left ear, the patient was counseled on the poten-
tial benefits of a right CROS or transcranial
CROS fitting (Valente et al, 1994a, b). At the pre-
sent time, the patient has chosen not to pursue
either recommendation.

Case 3

This 31-year-old male had a sudden hearing
loss in the right ear for 2 weeks, which gradu-
ally improved. In his right ear, he reported pres-
sure but no vertigo, intermittent “high-pitched”
tinnitus, and occasional numbness of his left
arm and leg. The reports of numbness lead to an
MRI, which revealed a 1-cm acoustic tumor on
the right side that filled the internal auditory
canal and extended approximately 1 cm into
the cerebellopontine angle.

The audiometric evaluation (see Fig. 1C)
revealed normal hearing at 250 to 8000 Hz.
Spondee thresholds, word recognition scores,
and tympanograms were normal. Contralateral
acoustic reflex thresholds to the right ear were
normal at 500 to 2000 Hz but elevated at 4000
Hz. An audiometric exam 3 months later
revealed a moderate severe sensorineural hear-
ing loss at 1500 to 8000 Hz in the right ear. A
word recognition score of 60 percent was revealed
at 45 dB SL (re: ST) and improved to 86 percent
at 55 dB SL. Also, reflex decay was present at
500 to 1000 Hz and contralateral and ipsilateral
reflex thresholds were elevated or absent at
1000 to 4000 Hz.

ABR (see Fig. 2C) for the right ear revealed
a significant delay in the absolute latency for
waves III and V, with a significant prolonga-
tion of the wave V latency (0.74 msec) with
increased stimulus repetition rate also noted
on the right side.

ENG was performed using bitemporal
electrode placement and four-channel record-
ing. The patient had normal oculomotor func-
tion including saccades and smooth pursuit.
There was no gaze nystagmus. There was a
low-amplitude left-beating post-headshake nys-
tagmus (PHN). Positional and positioning test-

ing was negative for nystagmus. Finally, bither-
mal binaural caloric irrigation revealed a 100
percent reduced response on the right. Ice
water (18C) produced low but symmetric
responses bilaterally. Fixation suppression of
the caloric-induced nystagmus was normal.
Dynamic platform posturography (Equitest)
showed normal scores for all six conditions of
the Sensory Organization Test. In addition,

center of gravity alignment and muscle reflex
latencies were normal.

The patient underwent a suboccipital
approach for removal of the tumor. ABR and
facial EMG monitoring were conducted through-
out surgery. The ABR was extremely degraded,
with wave V only present at a very delayed
latency. During removal of the tumor, wave V dis-
appeared. EMG findings consisted of almost
constant train activity during drilling within
the internal auditory canal. Tumor dissection
along the facial nerve also resulted in three
additional trains of 1- to 2-minute duration as
well as several bursts of EMG activity. Follow-
ing complete tumor removal, stimulation of the
facial nerve at the brain stem resulted in an
EMG response of > 200 microvolt amplitude.
Immediate postoperative facial nerve function
was excellent. After recovery, the patient will be
counseled on the potential benefits of a left
CROS or transcranial CROS fitting.

Case 4

This 27-year-old female reported intermittent
right tinnitus, episodic vertigo, nausea, and occa-
sional facial twitching on the right side. She had
no complaints relative to hearing sensitivity.

The audiometric evaluation (see Fig. 1D)
revealed normal hearing at 250 to 8000 Hz.
Spondee thresholds, word recognition scores,
and tympanograms were normal. Contralateral
acoustic reflex thresholds at 500 to 4000 Hz
were elevated or absent for the right ear and
reflex decay was normal.

ABR (see Fig. 2D) for the right side revealed
that all absolute latencies for waves I-V were
within normal limits. The I-III interwave inter-
val was prolonged for the right side, with all
other interwave intervals within normal lim-
its. The strongest finding was a significant wave

V interaural asymmetry (0.69 msec). Results
were consistent with retrocochlear dysfunction
on the right side.

ENOG (see Fig. 3B) revealed compound
muscle action potential amplitude of 10.5 micro-
volts and 12.0 microvolts for the left and right
sides, respectively. Results were not consistent
with a reduction in right facial EMG response
amplitude as compared to the left,

The patient underwent a suboccipital
approach for removal of the tumor. ABR and
facial EMG monitoring were conducted through-
out surgery. The ABR remained stable through-
out tumor exposure; however, during removal of
the tumor along the auditory nerve, the ABR
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disappeared. EMG recordings consisted of fre-
quent bursts of EMG activity as well as several
sustained trains. Following complete tumor
removal, stimulation of the facial nerve resulted
in a large amplitude EMG response (>800 micro-
volts). Immediate postoperative facial nerve
function was excellent with a slight facial weak-
ness noted at discharge. After recovery, the
patient will be counseled on the potential bene-
fits of a left CROS or transcranial CROS fitting
because of the resulting profound hearing loss
in the right ear.

DISCUSSION

D ue to numerous experiences with cases
similar to the ones described above, our
facility has always had a policy that any patient
reporting unilateral tinnitus will be treated as
ifit indicated an acoustic tumor until proven oth-
erwise. Our protocol includes a comprehensive
audiometric evaluation that includes tympa-
nometry, acoustic reflex thresholds, and decay.
In addition, an ABR will be strongly recom-
mended, as well as an ENOG, if the patient
reports any facial abnormalities.

In each case described above, the one com-
mon denominator was patient reports of uni-
lateral tinnitus. Three patients reported some
problems with dizziness or vertigo while two
patients reported problems with unilateral
facial twitching, pain, or numbness. In addition,
two patients reported a unilateral sensation of
pressure.

From an audiometric viewpoint, all revealed
elevated or absent acoustic reflex thresholds at
one or more frequencies, while reflex decay was
normal. Finally, all patients revealed abnormal
ABR findings. The variety of abnormalities
included interaural asymmetry of wave V
latency; delays of waves III, IV, or V; or prolon-
gation of interwave intervals of I-III or I-V.

The relative value of vestibular studies in
patients with acoustic neuromas depends upon
the reason for which the studies were requested.
None of the vestibulo-ocular (ENG, rotary chair,
headshake) or posturographic tests (visual,
vestibular, and somatosensory input) are specific
for identifying or excluding acoustic neuromas.
These tests are important, however, to quantify
the functional state of the VOR and posture
control mechanisms before and after surgery to
plan appropriate rehabilitative strategies. Suc-
cessful rehabilitation depends upon (1) the func-
tioning of the intact labyrinth and (2) the visual

Case Studies/Valente et al

compensatory ability of the central nervous sys-
tem to integrate visual and somatosensory inputs
with the remaining vestibular information. For
this reason, preoperative vestibular studies
enhance the overall management strategy for
acoustic neuroma patients after diagnosis is
firmly established by other means.
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