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Abstract

Objective: To clarify whether vestibular rehabilitation is effective in improv-
ing spontaneous nystagmus in patients with intractable vestibular neuritis.
Methods: The subjects were 8 patients (6 females and 2 males) with vestibu-
lar neuritis who revealed long-lasting (more than 2 months since the onset)
horizontal spontaneous nystagmus toward the healthy side. We used thumbs-up
head shaking for vestibular rehabilitation. This exercise involves active head
shaking (1 Hz) while staring at one’s thumb nail. One set is 10 cycles. We
asked the patient to do 3 sets (morning, afternoon, and night) every day. Re-
sults: The mean value of the slow-phase velocity of spontaneous nystagmus
before treatment was 4.1°/s, and that 3 months after vestibular rehabilitation
was 4.1°/s. No improvement was observed. Conclusion: Vestibular rehabili-
tation is not always effective in improving spontaneous nystagmus in patients
with intractable vestibular neuritis. Therefore, clinicians should consider the
possibility of long-term incomplete central compensation.
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1. Introduction

The pathophysiology of vestibular neuritis is a sudden interruption of input
from the unilateral peripheral vestibular organ, and typical symptoms include
severe vertigo, nausea, and vomiting. Usually, symptoms and disequilibrium
improve with time due to vestibular compensation. In some cases, ipsilateral
vestibular nerve function recovers. If not, the central nervous system restores the
imbalance between the right and left vestibular nuclei. This process is a unique

function that the auditory system does not have. The duration of symptoms va-
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ries widely; some patients recover within 2 weeks, and severe cases continue
presenting with spontaneous nystagmus for more than 1 year [1] [2].

The main treatment is steroids. However, the efficacy of corticosteroids is
controversial. Not all patients are cured by steroid therapy. We sometimes expe-
rience patients who complain of wobbling while walking despite early treatment
with corticosteroids. We call such cases intractable vestibular neuritis. In this
study, we diagnosed intractable vestibular neuritis in patients with spontaneous
nystagmus for more than 2 months after the onset. The last option for intracta-
ble vestibular neuritis is rehabilitation. Although Strupp et al [3] reported that
exercises are effective for early stage vestibular neuritis, there is little information
regarding the treatment for chronic vestibular imbalance. The aim of this study
was to clarify whether vestibular rehabilitation is effective in improving sponta-

neous nystagmus in patients with intractable vestibular neuritis.

2. Materials and Methods
2.1. Subjects

The subjects were 8 patients with intractable vestibular neuritis, who were diag-
nosed at our institution between May 2014 and October 2017.
Inclusion criteria:
1) Sudden and spontaneous vertigo with nausea and vomiting.
2) Long-lasting (more than 2 months since the onset) horizontal spontaneous
nystagmus toward the healthy side.
3) No caloric response on the affected ear, and good caloric response from the
intact side.
4) Routine visit for more than 6 months since the onset.
Exclusion criteria:
1) Cochlear symptoms related to vertigo.

2) Central nervous system disorder.

2.2. Spontaneous Nystagmus

An indicator of imbalance is the horizontal component of spontaneous nystag-
mus in a supine position. It was recorded in the dark with the patients’ eyes open
using an infrared charge-coupled device camera. After performing video-oculo-
graphy, we measured the slow-phase velocity. Spontaneous nystagmus was rec-

orded at monthly intervals.

2.3. Caloric Testing

Over 20 s, we slowly poured 1 ml of iced water (6°C) into the right external audi-
tory canal in a left-ear-down 90° position using a small syringe. Each subject was
rotated to a supine position. The head of the supine subject was tilted forward by
20° because the lateral canal forms an angle of 18.8° (smaller than the conven-
tional measurement) with the Reid horizontal plane [4]. After a 10-min rest, we

stimulated the left ear in the same way. The testing was performed in the dark,
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with the patients’ eyes open, using an infrared charge-coupled device camera.

2.4. Calculation of Caloric Response

When a patient presents with spontaneous nystagmus, a complex calculation
needs to be performed. Measurement of the maximum slow-phase velocity is
necessary for quantitative assessment. In the following calculation formula, Sin-
dicates the slow-phase velocity of the horizontal component of spontaneous
nystagmus.

When the affected side is on the left, the direction of spontaneous nystagmus
is rightward. The direction of caloric nystagmus of the left ear is the same as that
of spontaneous nystagmus because we use iced water stimulation. Hence, the

response of the affected side is

L-§
where L is the maximum slow-phase velocity after left ear stimulation. The di-
rection of caloric nystagmus of the right ear is opposite to that of spontaneous
nystagmus. Hence, the response of the healthy side is

R+S

where Ris the maximum slow-phase velocity after right ear stimulation.
When the affected side is on the right, the direction of spontaneous nystagmus
is leftward. The direction of caloric nystagmus of the right ear is the same as that

of spontaneous nystagmus. Hence, the response of the affected side is
R-S
where R is the maximum slow-phase velocity after right ear stimulation. The di-

rection of caloric nystagmus of the left ear is opposite to that of spontaneous

nystagmus. Hence, the response of the healthy side is

L+S

where L is the maximum slow-phase velocity after left ear stimulation.

2.5.Video-Oculography

Nystagmus was recorded and converted to digital data. Two-dimensional vid-
eo-oculography was performed using Image] 1.36 (a public domain, Java-based
image processing program developed at the National Institute of Health) and a
Macintosh computer (Mac OS 10.6.2). For analysis of the horizontal and vertical

components, the XY center of the pupil was calculated [5].

2.6. Vestibular Rehabilitation

We used thumbs-up head shaking (Figure 1). This exercise involves active head
shaking (1 Hz) while staring at one’s thumb nail. One set is 10 cycles. We asked
the patient to do 3 sets (morning, afternoon, and night) everyday.

2.7. Medication

Medication during the early stage was not standardized among patients because
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Table 1. Results.

some had been introduced from other hospitals. We prescribed steroids only if

the patient visited our institution within 2 weeks of the onset.

3. Results

Data on the 8 patients are shown in Table 1.

3.1. Spontaneous Nystagmus

Video-oculography results for Patient no. 8 are shown in Figure 2. The slow-
phase velocity after treatment is almost the same as that before treatment. Figure
3 (boxplot) shows the change in the horizontal component of spontaneous nys-
tagmus in all patients. The mean value of the slow-phase velocity (n = 8) before
treatment was 4.1°/s, and that 3 months after vestibular rehabilitation was 4.1°/s.

No improvement was observed.

3.2. Caloric Testing (Unit Is °/s)

The mean value of the caloric response of the affected side was 0.04, the mini-
mum value was —1.6, and the maximum value was 1.5. We determined that the
affected side had no response because +2 is considered to be the error range. The
mean value of caloric response of the healthy side was 27.4, the minimum value
was 13.8, and the maximum value was 49. Figure 4 shows the results for Patient
No. 5.

3.3.Secondary BPPV (Benign Paroxysmal Positional Vertigo)

Three patients presented with transient vertical/torsional positional nystagmus
in Dix-Hallpike testing. The affected sides were the same as the affected sides of
the vestibular neuritis. Secondary BPPV occurred 1 - 3 months after the onset.
After the Epley maneuver, vertical/torsional positional nystagmus disappeared

in 2 patients; however, 1 patient was not cured.

. Affected . Upper airway Onset X . Caloric Spontaneous
Patient Age Sex . Occupation . . . BPPV Corticosteroid . .
side infection time response (°/s) nystagmus (°/s)
Affected  Healthy 3 months
. . Before
side side after
1 45 F L Office worker - am 10 - + -1.6 244 3.8 4
2 50 F L Housewife - pm5 - - -1.3 24.4 3.7 3.6
3 61 F L Careworker - pm5 - + -0.1 374 3.8 4.3
4 77 F L Housewife - pm3 + - 0.8 49 3.7 2.1
5 45 F R Housewife - am 10 + - -0.8 31 7.8 6.9
6 54 M R Office worker - pm 10 + - 0.3 19.9 5.2 7.6
7 67 M R Retired - pm2 - - 1.5 18.7 2.8 1.6
8 68 F R Housewife - am 8 - + 1.5 13.8 2 2.3
Mean 58.4 0.04 27.4 4.1 4.1
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Thumbs-up head shaking

Figure 1. Active head shaking (1 Hz) while staring at one’s thumb nail. One set is 10
cycles. We asked the patient to do 3 sets (morning, afternoon, and night) every day.

Before 3 months after
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Figure 2. Video-oculography (position trace) of spontaneous nystagmus in Patient no. 8.
The slow-phase velocity after treatment was almost the same as that before treatment.
The upward deflection in horizontal (H) and vertical (V) eye movements are indicated as
being toward the right and upward, respectively.
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Figure 3. The change in the horizontal component of spontaneous nystagmus in all
patients (boxplot). The mean value of the slow-phase velocity of spontaneous nystagmus
(n = 8) before treatment was 4.1°/s, and that 3 months after vestibular rehabilitation was
4.1°/s. No improvement was observed. 0 month indicates the day prior to vestibular
rehabilitation.
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Figure 4. Video-oculography (position trace) of caloric testing for Patient No. 5. (a)
Spontaneous nystagmus; (b) Caloric nystagmus after stimulation of the right ear (no
response); (c) Caloric nystagmus after stimulation of the left ear (good response). The
upward deflection in horizontal (H) and vertical (V) eye movements are indicated as
being toward the right and upward, respectively.

4. Discussion

Our results suggest that vestibular rehabilitation is not always effective in im-
proving spontaneous nystagmus in patients with intractable vestibular neuritis.
Therefore, treatment cannot always cure the chronic disequilibrium.

In general, when we try to evaluate the efficacy of some treatments, there is a
problem of which indicator to use. Although symptoms are important, they have
methodological limitations because they are subjective data. Asymmetry of the
caloric response is a quantitative indicator; however, it is influenced by sponta-
neous nystagmus. We need a complex calculation to obtain an accurate result.
Measurement of the maximum slow-phase velocity of caloric nystagmus is ne-
cessary for quantitative assessment. Although Goudakos ef al [6] reported a
change in the extent of canal paresis, the test results were unreliable because they
did not take into account the strength of spontaneous nystagmus. Strupp et al.
[3] found that vestibular exercises improve central vestibulospinal compensation
by comparing the total sway path values.

For quantification of the imbalance between the right and left vestibular nuc-
lei, spontaneous nystagmus is the most useful due to its objectivity and sensitiv-
ity. Additionally, it is easy to record and does not burden the patient. Therefore,
we adopted the slow-phase velocity of spontaneous nystagmus as an indicator.

If the unilateral vestibular afferent signal is suddenly interrupted, a highly ab-
normal situation occurs and the person feels a severe spinning sensation. How-
ever, symptoms and imbalance gradually improve with time due to the natural
healing ability. Hence, it is difficult to evaluate the efficacy of some treatments in
an acute stage. If a patient gets better, we cannot judge whether this is due to

natural causes or due to the treatment. In order to reduce the influence of the
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natural healing ability, we selected patients with chronic vestibular neuritis. We
asked them to perform thumbs-up head shaking every day for 3 months. How-
ever, none of the patients showed improvement of spontaneous nystagmus.

Steroids have been widely used as an acute stage treatment. However, the effi-
cacy of corticosteroids is controversial. Several researchers have demonstrated
beneficial clinical application of corticosteroids [7] [8]. On the other hand, Yoo
et al. [9] reported that there were no significant differences between the control
group and the steroid group. It is clear that not all patients are cured by corti-
costeroid therapy because 3 patients enrolled in the present study did not recov-
er, in spite of early treatment with steroids.

Another treatment is rehabilitation. There are many kinds of vestibular reha-
bilitation. While it is impossible to do many kinds of exercise everyday, we se-
lected one rehabilitation exercise (thumbs-up head shaking) that the patients
could easily perform. However, no patients showed any improvements.

What did we expect from the thumbs-up head shaking? Acceleration (stimu-
lation) to the affected vestibular end organ does not reach the vestibular nucleus.
The aim of the thumbs-up head shaking exercise was to increase the input from
the healthy inner ear. The vestibulo-ocular reflex acts to maintain a retinal image
when a person actively rotates their head while staring at a target. Not only se-
micircular canals, but also the central nervous system via visual input contribute
to this function. Especially, the vestibulo-cerebellum plays an important role.
Hence, it is reasonable to try to correct the imbalance by increasing the impulse
to the vestibulo-cerebellum. However, the mechanism of vestibular compensa-
tion is controversial [10]. It is a complicated process involved in brain-stem re-
ticular formation and proprioceptive information, and it has not been estab-
lished whether enhancing the action of vestibular input hastens the process of
central compensation.

We found that BPPV occurred in 3 patients 1 - 3 months after the onset of
vestibular neuritis. There have been many similar reports [11] [12] [13]. This in-
dicates that vestibular neuritis causes BPPV. Regarding the etiology of BPPV,
Ichijo proposed a micro-otoconia accumulation theory [14]. If the damage
spreads not only to the vestibular nerve, but also to the end organs, it is likely
that the otoconia on the utricular macula will detach. If many otoconia gradually
aggregate and become a mass, its movement produces cupular bending and
causes a spinning sensation and nystagmus. This micro-otoconia accumulation
theory can explain the time lag between the onset of vestibular neuritis and that
of BPPV. The findings also indicate superior vestibular neuritis. In the 3 patients
with BPPV, the disorder was limited in the superior vestibular nerve. Thus, the
inferior vestibular nerve was intact. Signals from the posterior semicircular canal
enter the vestibular nucleus via the inferior vestibular nerve. In Dix-Hallpike
testing, vertical/torsional nystagmus was elicited. This phenomenon indicates
that the posterior canal and inferior vestibular nerve are functional. If caloric

stimulation reaches the posterior canal, vertical/torsional nystagmus should oc-
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cur after stimulation of the affected side. Indeed, additional nystagmus did not
occur (Figure 4). This finding provides evidence that caloric stimulation does
not reach the posterior canal. This logic is consistent with the theory that caloric

nystagmus is a pure horizontal canal ocular reflex [15].

5. Conclusion

Vestibular rehabilitation is not always effective for improving spontaneous nys-
tagmus in patients with intractable vestibular neuritis. Therefore, clinicians

should consider the possibility of long-term incomplete central compensation.
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