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Abstract

Background: To verify the efficacy of caloric vestibular stimulation in patients with peripheral
vestibular dysfunction after cerebral hypertensive crisis. Methods: Enrolled in the study were 60
patients with peripheral vestibular dysfunction caused by a cerebral hypertensive crisis, docu-
mented by vestibulometry. Thirty patients underwent standard treatment plus caloric vestibular
stimulation, and 30 control group patients received standard treatment alone. Results: After the
two-week treatment course, the sensation of vertigo was observed in 40.0% * 8.9% of treatment
group patients compared with 80.0% * 7.3% of control group patients (t = 3.46; p < 0.001). Spon-
taneous vestibular somatic reactions were found in 46.7% * 9.1% of the study treatment group in
contrast to 86.7% * 6.2% of the control group (t = 3.63; p < 0.001). Spontaneous nystagmus was
seen in 40.0% * 8.9% of treatment group patients compared with 93.3% * 4.6% of control sub-
jects (t = 5.31; p < 0.001). Spontaneous vestibular vegetative reactions were observed in 33.3% =*
8.6% of patients receiving study treatment in contrast to 93.3% # 4.6% of control group patients
(t = 6.16; p < 0.001). Also, 53.3% * 9.1% of study treatment group patients showed asymmetry of
labyrinths compared with 86.7% * 6.2% of patients from the control group (t = 3.03; p < 0.001).
Conclusion: Caloric vestibular stimulation was shown to be an effective treatment for peripheral
vestibular dysfunction in patients with cerebral hypertensive crisis. During the 14-day treatment
of cerebral hypertensive crisis, complete labyrinthine function recovery occurred in 46.7% of
treatment group patients who underwent caloric vestibular stimulation as opposed to 13.3% of
control group patients who received standard treatment alone.
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1. Introduction

Cerebral hypertensive crisis constitutes one of the most frequent cerebrovascular diseases, comprises 13% - 15%
of all acute brain vascular disorders, and is found in two-thirds of patients with transient vascular disorders of
the brain. Patients affected by it most often complain of headache accompanied by nausea, vomiting, and epi-
sodes of unconsciousness. Vestibular dysfunction in general is one of the earliest and most frequent manifesta-
tions, having different cerebrovascular pathologies. The early phylogenetic formation of the vestibular system
makes it highly sensitive to external and pathogenic influences. Hearing impairment has also been observed in
such patients. The inner ear consists of the hearing organ, the cochlea, which is joined topographically, anatom-
ically, and functionally to the vestibular apparatus (vestibule and semicircular channels) [1]-[16].

Caloric vestibular stimulation (CVS) has traditionally been used as a tool for neurological diagnosis. It is a
routine diagnostic technique applied in the neurological assessment of vestibular function and brain death [17]-
[22]. However, CVS has also been applied effectively in the treatment of patients with certain neurological dis-
orders [20] [22]-[32].

The aim of this randomized, controlled study was to verify the efficacy of CVS in patients with peripheral
vestibular dysfunction after cerebral hypertensive crisis.

2. Material and Methods

Sixty patients with peripheral vestibular dysfunction after cerebral hypertensive crisis were randomized into two
patient groups. The study treatment group results were compared with those of the control group. Patients re-
ceived inpatient treatment with CVS in the Otorhinolaryngology Department and the Neurology Department of
the National O.0. Bogomolets Medical University, Ukraine. The trial study was provided as a part of scientific
work of the Otorhinolaryngology Department of Bogomolets National Medical University, registration number
01130U007334. The study took place from March 2012 to September 2013 and was approved by the local ethics
committee. Each participant signed an informed consent form.

The study treatment group comprised 30 patients aged 29 to 57 years, the average age being 47 £+ 1 years.
Sixteen patients were female and 14 were male. The average duration of disease prior to study enrollment was 6
+ 1 days. The control group included 30 patients who were 29 to 59 years old, the average age being 47 + 2
years. Nineteen patients were female and 11 were male. The average duration of disease prior to study enroll-
ment was 6 £ | days. All patients were subjected to an obligatory general clinical examination which included
endoscopy. Only patients with no history of pathological changes to otorhinolaryngological organs were included
in the investigation. All examined patients exhibited increased arterial pressure during cerebral hypertensive cri-
sis, with an average systolic arterial pressure level of 169 = 6 mm Hg. Neurologists applied the following brain
hemodynamic examination methods to determine the main diagnosis of cerebral hypertensive crisis: rheoence-
phalography, electroencephalography, transcranial Doppler ultrasonography, nuclear magnetic resonance (NMR)
imaging of the brain, and brain spiral computer tomography.

Vestibulometric examinations were conducted in the Otorhinolaryngology Department at the National O.O.
Bogomolets Medical University, Ukraine. Such examinations were repeated in the study treatment group of 30
patients two weeks after beginning CVS. Patients from both groups also received standard medical therapy for
cerebral hypertensive crisis. The study treatment group results were compared with the results of 30 control
group patients who did not receive CVS, but instead underwent only standard therapy for cerebral hypertensive
crisis.

The CVS method included external ear channel irrigation using 60 ml of cold water at 25°C for 10 s once
daily over a course of 10 days.

Instrumental methods, i.e., the methods of vestibular examination, consisted of: walking tests (walking along
a path; flanking walk), Fukuda writing test, Fukuda stepping test, past-pointing test, finger-nose test, cephalo-
graphy (the method of evaluating the quantity evaluation of balance, when a stationary apparatus is fixed at the
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patient’s head and registers imbalance by calculating the cephalography index (the higher the index, the higher
the level of imbalance)), Barany’s rotating chair test, vestibular illusion of counterrotation test, caloric test, and
electronystagmography (the study of spontaneous, positional nystagmus).

The statistical analysis was carried out using the statistics program SPSS 16.0. The results for the sensation of
vertigo, spontaneous vestibular somatic reactions, spontaneous nystagmus, spontaneous vestibular vegetative
reactions, and asymmetry of labyrinths were described using the following statistical parameters: mean, standard
deviation, confidence interval 95%, median, 25th and 75th percentiles. The difference in the outcomes between
the treatment groups was found to be significant using the Student’s t-test (p < 0.01). The regressive analysis of
the X and Y variables resulted in the linear dependency Y ~ B*X, where X and Y are the certain variables and B
is the certain real number.

3. Results

Before treatment, the sensation of vertigo was recorded in 100% of the examined patients from both groups. Pa-
tients described the sensation of objects rotating around them or the sensation of their body rotating in one defi-
nite direction. During the antirotative vestibular illusion test, the average reaction period lasted 24 + 3 s in the
study treatment group and 25 + 4 s in the control group. Under the vestibular illusion of counterrotation test,
reaction period asymmetry was registered in 14 (46.6%) patients from the study treatment group and 15 (50.0%)
from the control group.

The sensation of vertigo was noted after treatment in 12 (40.0%) patients from the study treatment group
compared to 24 (80.0%) patients from the control group. The average reaction period under the antirotative ves-
tibular illusion test lasted 18 = 10 s in the study treatment group and 23 £ 9 s in the control group. Reaction pe-
riod asymmetry under the vestibular illusion of counterrotation test persisted in 5 (16.6%) patients from the
study treatment group and 10 (33.3%) from the control group.

Prior to treatment, all patients from both groups exhibited balance disturbances in the walking tests, Fukuda
writing test, Fukuda stepping test, past-pointing test, finger-nose test, and in cephalography. During the Fukuda
stepping test, imbalance manifesting as rectilinear body movement was observed in all patients, with the average
value being 149 + 14 cm in the study treatment group and 146 + 16 cm in the control group. Imbalance in the
form of body rotation was observed in all patients, with an average value of 92° + 12° in the study treatment
group and 91° + 14° in the control group.

Spontaneous vestibular somatic reactions were observed in 14 (46.7%) patients after undergoing CVS as
compared to 26 (86.7%) control group patients. The average pathologic deviation obtained in the Fukuda step-
ping test was 112 = 12 cm in the study treatment group and 123 + 12 cm in the control group. During this test,
an abnormal body rotation angle was observed in the patients, with an average value of 45° + 14° in the study
treatment group and 62° + 12° in the control group.

Before treatment, all patients from both groups showed significant vestibular somatic reactions, such as the
appearance of spontaneous, positional nystagmus, which were recorded via electronystagmography. Visually de-
termined spontaneous nystagmus was observed in 29 (96.6%) patients from the study treatment group. In 20
(66.6%) of these patients, it was horizontal and of the first stage of intensity, and in 9 (30.0%) patients the nys-
tagmus was horizontal, of middle-level amplitude, and of the second stage of intensity. After conducting elec-
tronystagmography, spontaneous nystagmus was diagnosed in all patients from both groups. Positional nystag-
mus was also documented in all patients. Positional nystagmus combined with nonpermanent dizziness affected
by moving or shaking the head was registered in 6 (20.0%) of the patients receiving study treatment. Irregular,
unstable positional nystagmus was recorded in 24 (80.0%) study treatment patients.

Spontaneous and positional nystagmus was observed in 12 (40.0%) patients receiving study treatment com-
pared to 28 (93.3%) control group patients after treatment.

Vestibular vegetative reactions were observed before treatment in all patients from both groups in all irritative
tests: Barany’s rotating chair test, vestibular illusion of counterrotation test, and caloric test. Spontaneous vesti-
bular vegetative reactions were observed in 10 (33.3%) patients from the study treatment group after applying
CVS and in 28 (93.3%) patients from the control group.

Before treatment, the reaction period asymmetry under Barany’s test was documented in 15 (50.0%) patients
from the study treatment group, with an average reaction period of 9 = 1 s, and in 15 (50.0%) control group pa-
tients, with an average reaction period of 8 £ 1 s. After treatment, the reaction period asymmetry under Barany’s
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test was registered in 8 (26.6%) patients from the study treatment group, with the average duration of Barany’s
reaction period being 16 + 1 s, and in 12 (50.0%) patients from the control group, with the average duration of
Barany’s reaction period being 12 + 1 s.

The most informative method of determining inner ear function was the caloric reflex test (i.e., CVS) because
it permitted examinations of the ears separately. Patients in the study treatment group received cold (25°C) and
warm (39°C) irrigation courses of the external ear channels.

During the experimental nystagmus examination under load reactions in the caloric reflex test (i.e., CVS),
asymmetry of the labyrinths was shown to exist in all cases before treatment. Hyperreflection of the labyrinths
was observed in 10 (33.3%) patients from the study treatment group and in 9 (30.0%) patients from the control
group. Hyporeflection was seen in the other 20 (66.6%) study treatment patients and in 21 (70.0%) control
group patients.

Labyrinthine function returned to normal after CVS. Asymmetry of the labyrinths was observed in 16 (53.3%)
patients in the study treatment group and in 26 (86.7%) patients in the control group. Hyperreflection of the la-
byrinths was present in 5 (16.7%) patients from the study treatment group and in 8 (26.7%) patients from the
control group. Hyporeflection was seen in another 11 (36.7%) treatment group patients and in 18 (60.0%) con-
trol group patients.

In patients with vestibular dysfunction after cerebral hypertensive crisis, the results from the vestibular appa-
ratus function examination of patients who had undergone two weeks of CVS showed significant improvement
in the indices of all vestibulometric tests compared to the results of the control group patients.

The sensation of vertigo, spontaneous vestibular somatic reactions, spontaneous nystagmus, spontaneous ves-
tibular vegetative reactions, and asymmetry of the labyrinths were the main indices of vestibulometry, which
was used to determine the vestibular function of the labyrinths (Table 1).

Thus, the sensation of vertigo was observed in 40.0% + 8.9% of patients from the study treatment group
compared to 80.0% + 7.3% of patients from the control group (t = 3.46; t > 3; p < 0.001). Spontaneous vestibu-
lar somatic reactions were reported in 46.7% + 9.1% of patients from the study treatment group compared to
86.7% =+ 6.2% of control group patients (t = 3.63; t > 3; p < 0.001). Spontaneous nystagmus was documented in
40.0% =+ 8.9% of patients from the study treatment group in comparison to 93.3% =+ 4.6% of control group pa-
tients (t =5.31; t>3; p <0.001). Spontaneous vestibular vegetative reactions were seen in 33.3% =+ 8.6% of pa-
tients receiving the study treatment in contrast to 93.3% + 4.6% of patients from the control group (t = 6.16; t >
3; p £0.001). Asymmetry of the labyrinths was reported in 53.3% + 9.1% of patients from the study treatment
group compared to 86.7% =+ 6.2% of patients from the control group (t = 3.03; t > 3; p < 0.001). Thus, an ab-
sence of inner ear dysfunction was documented in 46.7% = 9.1% of study treatment group patients compared to
13.3% £ 6.2% of control group patients (t=3.03;t>3; p <0.001).

4. Discussion

After analyzing the results, we agree with other authors about the effects of CVS in a wide range of contexts in

Table 1. Main indices of vestibulometry after two-week application of caloric vestibular stimulation or standard therapy.

Percentage of patients with disorder, P

Indices of vestibulometry Il))lls [:algt*y pl* p2* (i p-value

Study treatment group  Control group
Sensation of vertigo 40.0 80.0 40.0 89 73 346 <0.001
Spontaneous vestibular somatic reactions 46.7 86.7 40.0 9.1 6.2 3.63 <0.001
Spontaneous nystagmus 40.0 933 533 89 46 531 <0.001
Spontaneous vestibular vegetative reactions 333 93.3 60.0 86 46 6.16 <0.001
Asymmetry of labyrinths 533 86.7 334 9.1 62 3.03 <0.001
Absence of inner ear dysfunction 46.7 13.3 334 91 62 3.03 <0.001

*P1: Percentage of study treatment group of patients with vestibular dysfunction in cerebral hypertensive crisis after the two-week application of CVS. P2:
Percentage of control group of patients with vestibular dysfunction in cerebral hypertensive crisis after the two-week application of standard therapy.
p1: Mean error of P1. p2: Mean error of P2. t: Reliability criterion.
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the cognitive and clinical neurosciences [20] [24]-[26] [29]-[35]. CVS represents a unique experimental method
for use in neurophilosophical studies. Its reported phenomenological effects are of great interest for the study of
brain activity, which is important to better understand the activation processes of brain structures [4] [20] [36].
However, after analyzing the results of treatment with CVS, we also observed the effective improvement of la-
byrinthine function in patients with vestibular dysfunction after cerebral hypertensive crisis: the vestibular ap-
paratus (receptor organ) and the central vestibular pathway function were repaired. Labyrinthine asymmetry was
present in 53.3% =+ 9.1% of patients who had undergone CVS as opposed to 86.7% + 6.2% of patients who had
received standard therapy alone. The results of the investigation described here showed that CVS effectively
improved labyrinthine function in patients with vestibular dysfunction after cerebral hypertensive crisis.

The mechanism by which peripheral labyrinthine function improved after CVS may be explained as the result
of the activation of the entire vestibular apparatus, i.e., the inverse response of the brain to the irritated peripher-
al receptors. It seems reasonable to presume that vestibular stimulation leads to the interaction between the so-
matosensory system and the vestibular apparatus [33] [34] [37]-[41]. It is necessary to mention that all this has
given rise to considerable controversy, as it is a hypothesis and is still being studied. We agree with other au-
thors who maintain that the routine application of CVS would provide, at least in theory, a more complete as-
sessment of the inner ear and brain processes [20]. It would be of great interest and possibly open new perspec-
tives in the field if investigators also applied this or other CVS methods in future studies.

5. Conclusion

Caloric vestibular stimulation was observed to be an effective treatment for peripheral vestibular dysfunction in
patients with cerebral hypertensive crisis. This treatment method resulted in the complete recovery of labyrin-
thine function in almost half of all patients (46.7%) who received it. In contrast, only 4 out of 30 (13.3%) pa-
tients who underwent standard therapy experienced complete recovery of labyrinthine function. Our study re-
sults suggest that caloric vestibular stimulation should be prescribed to all patients with peripheral vestibular
dysfunction after cerebral hypertensive crisis.
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