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Abstract

Objectives: Vertigo is a very common symptom mainly caused by the lesion of vestibular system (peripheral or central) and often
accompanied by some work-related diseases and occupational intoxications. The aim of this study was to assess the value of elec-
tronystagmography (ENG) and videonystagmography (VNG) for diagnosing vertigo of various origin. Materials and Methods:
The study included four groups, 25 subjects each, of patients suffering from vestibular disorders of peripheral, central and mixed
origin versus healthy controls. All were examined by means of ENG and VNG, using the bithermal caloric test with 30°C and 44°C
air irrigations of the ears. The findings (frequency of induced nystagmus FRQ, its slow phase velocity SPV, canal paresis CP, di-
rectional preponderance DP, vestibular excitability VE) were analysed and compared. Results: In all patients with vertigo due to
vestibular neuritis, barotrauma and kinetosis, significant CP, the important sign of peripheral site of vestibular lesion was identified
both in ENG and VNG. None of the patients with central origin disorders showed CP in VNG; in the majority of cases DP was
observed. However, in ENG we found CP in 5 patients with central origin disorders. There were no essential differences between
ENG and VNG in measurements of FRQ and SPV except for higher values in VNG in controls and patients with mixed vertigo.
Conclusions: The results suggest that the VNG should be recommended in preference as the valuable method to assess vertigo and
to discriminate between the peripheral and the central vestibular lesions.
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INTRODUCTION

Vertigo, defined as an unpleasant illusion of one’s own somatic damage.

may also reflect functional disorders without underlying

body movement, is one of the most complicated morbid
symptoms. It is difficult to identify, practically impossible
to measure and not easy to treat. The symptom may result
from a disease due to various causes (with both the pe-
ripheral or central vestibular or retrovestibular etiology),
differing in severity (from minor to very severe) and prev-
alence, while its early diagnosis can be of immense impor-
tance for further fate of the affected person [1,2]. Vertigo
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The causes of vestibular dysfunction accompanied by ver-
tigo and/or balance disorders include occupational expo-
sure to known ototoxic chemicals, such as toluene, xylene,
styrene, n-hexane, trichloroethylene and their mixtures,
carbon disulfide, carbon monoxide [3]. Besides, vertigo
appears very often also in some work-related diseases, as
for example whole body vibrations syndrome, otic baro-
trauma, decompression sickness, kinetosis [4]. Vertigo
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is one of the most frequent and major outpatient clinic
complaints, and its prevalence is estimated to range be-
tween 17-33% [5-9] increasing in patients older than 50,
who may be affected by presbyastasis [4-7,9-13]. Hence,
a great need for precise and effective diagnostics is un-
doubted and urgent.

Fortunately, the subjective feeling of vertigo may be ob-
jectively verified by measurement of nystagmus, i.e., spon-
taneous or induced (e.g., by caloric or rotatory stimuli)
two-phase slow movement of the eyes to one direction fol-
lowed by rapid recoil to the other direction, which enables
the qualitative and quantitative assessment of vestibular
system lesion.

Currently, two main modern tools are available for such an
assessment: electronystagmography (ENG) and videonys-
tagmography (VNG). ENG, based on the corneal retinal po-
tential measurement using electrodes, records and displays
on-line the changing voltages resulting from eye movements
occurring throughout various tests. The next tool, VNG,
records and displays the eye movements watched directly
by infra-red video goggles with minicamera. The aim of
the study was to evaluate the diagnostic usefulness of both
methods and to analyze the differences and similarities in
their results obtained in selected vestibular tests.

MATERIAL AND METHODS

The study comprised 100 subjects, including patients
hospitalized at the Department of Otolaryngology and
Laryngological Oncology, Medical University Teaching
Hospital - Central Veterans’ Hospital in £.6dZ, due to ver-
tigo, and healthy students of the Military Medical Faculty
and the Faculty of Physiotherapy, Medical University in
1.6dz, who were divided into 4 groups:

- I - 25 patients (10 women, 15 men) with the disor-
ders of central origin (mean age 53.68+14.97 years) —
mostly cases of carotid-vertebral ischemic syndrome,
brain concussion, multiple sclerosis;
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- II-25 patients (16 women, 9 men) with the disorders
of peripheral origin (mean age 55.36+14.42 years) —
among other the cases of vestibular neuritis, otic
barotrauma, kinetosis;

- III-25 patients (20 women, 5 men) with mixed disor-
ders (mean age 51.60+14.46 years) — comprising the
cases of vertebral artery hypoplasia, vertebro-basilar
insufficiency;

- IV - 25 healthy students (11 women, 14 men)
aged 22-26 years (mean 23.72+1.14) without com-
plaints of vertigo and/or balance disorders.

The criteria for inclusion into individual groups were:
medical history, laryngological and otoneurological ex-
aminations including: cerebellar and static-dynamic
tests. Additionally, when required, laboratory tests were
performed (blood cell count, glucose level, cholesterol
level). Imaging investigations included: vertebrobasilar
ultrasonography (USG-D) or angio-CT, RTG or com-
puted tomography of cervical spine and cerebral CT
or MRIL.

All subjects were examined with ENG (including calibra-

tion, registration of possible spontaneous nystagmus with

open/closed eyes, the alternate binaural bithermal caloric
test with cool 30°C and warm 44°C air irrigations) [8] and
then, after 1- or 2-day interval for the patients groups
and 7-day interval for the controls, the same tests were
performed with the use of VNG. Computerized systems

PC-ENG and VNG Ulmer - Synapsis were applied for the

automatic analysis of the recordings.

The following parameters, i.e., presence of spontane-

ous nystagmus, values of frequency of induced nys-

tagmus (FRQ), its slow phase angular velocity (SPV)
and vestibular excitability (VE), and the scores of
canal paresis (CP) and directional preponderance of
nystagmus (DP) were considered in the analysis. For
the purpose of this report, +14%, +20%, of CP, DP
for ENG and < 15%, < 11%, 6-80 °/s of CP, DP, VE
for VNG, respectively, were selected as the normal
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Fig. 1. Electronystagmography — caloric test recording after
irrigation of the air at 44°C to the right ear in the healthy
student (group IV)

values; this is close to the respective values specified by
the producers of the equipment. The normal range of
caloric responses is diagnostically important to define
an abnormally low or a hyperactive response as well as
pathological CP or DP.

Figures 1 and 2 illustrate the records of bithermal caloric
test with use of ENG and VNG.

Wilcoxon pair sequence test was administered in statistical
evaluation.
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Fig. 2. Videonystagmography - caloric test recording after
binaural bithermal stimulation in the healthy student

(group IV). Graphic representation of findings (qualitative
assessment): in upper diagrams - “butterfly” graphs, left lower
diagram - post-caloric two-phase nystagmus (“tree”), right
lower diagram - “radish” graphs

RESULTS

The findings reported in ENG and VNG testing were as-
sessed and compared in individual groups of the subjects.
In group I (vertigo of central origin) the values of DP ex-
ceeding normal range were observed in ENG and VNG
examinations as follows: in 11 cases (44%) simultaneously
in VNG and ENG, whereas in 5 patients (20%) only in
ENG and in 6 patients (24%) only in VNG. None of the
patients showed abnormal CP score in VNG; however, in
ENG examination the normal limit values were exceed-
ed in 5 patients (20%). The mean VE was 7.33°/s =7.01:
in 12 subjects (48%) on the right side and the mean
was 7.13%s +£3.52 and in 13 subjects (52%) on the left side
with the mean 8.29°/s £9.28. The FRQ mean values were
observed to be higher in VNG vs. ENG examination in
three cases (L44, R30, L30), whereas in one case (R30)
they were lower in VNG than in ENG (Figure 3a); the dif-
ferences were not statistically significant. To the contrary,
a statistically significant difference of the SPV mean value
was detected in one case — L30 (p < 0.05); in that case,
significantly lower mean values were obtained in ENG ex-
amination, i.e. 4.98+4.48°/s. In the half of the investigated
patients of group I, ENG scores did not exceed 3.35°s,
whereas the VNG mean values were 6.28°/s +4.48 and in
half of the patients the results higher than 4.40°/s were ob-
tained (Figure 3b).

In group II patients (vertigo of peripheral origin) the
values of DP exceeding the normal range, both in ENG
and VNG examinations, were found only in 3 patients
(13%).

However, CP exceeding the normal range was observed
in all investigated patients both in ENG and VNG. The
mean of VE was 8.14°/s +5.18: in 15 patients (60%) on
the right side, mean value 6.97°/s £5.39 and in 10 (40%)
on the left side, mean value 9.91°/s +4.55. The mean val-
ues of FRQ were higher in ENG than in VNG examina-
tion (Figure 4a), but the differences were not statistically
significant. No statistically significant difference was also
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Fig. 3. Compared (ENG vs. VNG) parameters of nystagmus in
central vertigo patients (group I): a) mean values of frequency
of induced nystagmus (FRQ), b) mean values of slow phase
angular velocity (SPV)

found in SPV measurement in any of the compared stim-
ulations for the right and the left ear (p > 0.05). However,
it was observed that when ENG method was used, gener-
ally the mean values of SPV were lower than when VNG
method was applied (Figure 4b).

In group III (mixed causes of vertigo) the values of DP
were found both in ENG and VNG to exceed the normal
limit: 10 times (40%) simultaneously in VNG and ENG, 6
times (24%) only in ENG and in 5 patients (20%) in VNG
examination. However, CP exceeding the normal limit
was observed in all investigated patients both in VNG and
ENG examinations.

The mean of VE was 13.45°/s =8.31: 10 times (40%) on
the right side, the mean value 14.44°/s +7.44 and 15 ti-
mes (60%) on the left side, the mean value 12.79°/s £9.03.
Evaluating mean of FRQ, it was found that in 2 cases
it was higher in VNG than in ENG ((R30, L30) and in
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Fig. 4. Compared (ENG vs. VNG) parameters of nystagmus

in peripheral vertigo patients (group II): a) mean values of
frequency of induced nystagmus (FRQ), b) mean values of slow
phase angular velocity (SPV)

both cases the difference was statistically significant (Fig-
ure 5a). Also, statistically significant lower values of mean
SPV recordings were obtained in ENG vs. VNG method
in three cases (Figure 5b).

In the group IV of controls the values of DP were found
to exceed the normal range as follows: in 10 cases (40%)
simultaneously in VNG and ENG examinations, in 3 cases
(12%) only in ENG and in 3 cases (12%) in VNG. CP was
absent or did not exceed the normal range.

The mean of VE was 17.75°/s=11.05: in 15 subjects
(60%) on the right side, the mean value 15.98°s +6.69
and in 10 subjects (40%) on the left side, the mean value
18.85/s +13.16.

Lower values of mean FRQ were observed in ENG than
in VNG in all cases, but statistical significance was found
only in two cases (Figure 6a). Statistically significant
differences were noted in the SPV values (Figure 6b).
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Fig. 5. Compared (ENG vs. VNG) parameters of nystagmus
in mixed vertigo patients (group III): a) mean values of
frequency of induced nystagmus (FRQ), b) mean values of
slow phase angular velocity (SPV)

Mean SPV appeared to be significantly lower in ENG than
in VNG (p < 0.001).

In all examined groups with vertigo, the results of the
measurements of SPV showed high differentiation as seen
by very high variation coefficients many times exceed-
ing 100%. The variability of SPV appeared to be high in
the control group, although it was significantly lower than
in the study groups. No cases of spontaneous nystagmus
were registered in all material.

DISCUSSION

Vertigo is not a disease but a symptom of disease, and be-
longs to one of the most common symptoms (as common as
back pain or headache) that will prompt a person to seek
medical care. The overall incidence reaches 40% in patients
older than 50 [9,10,13] and the resulting falls are leading
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Fig. 6. Compared (ENG vs. VNG) parameters of nystagmus
in healthy subjects (group IV): a) mean values of frequency
of induced nystagmus (FRQ), b) mean values of slow phase
angular velocity (SPV)

cause of death from injury in people older than 65 [9]. The
term may mean different things to different people but usu-
ally implies that there is a sensation of motion either of the
person or the environment, often perceived as if the room is
spinning around. Patients often describe difficulty with driv-
ing, walking in large open spaces or crowded environments
such as supermarkets. A number of conditions can produce
vertigo with characteristic features that allow the clinician to
suspect an etiological diagnosis. The most frequent reason
are the lesions of vestibular system both peripheral (semi-
circular canals, otoliths, vestibular nerve in the inner ear)
and central (vestibular nuclei in brain stem, cerebellum,
brain). Hence, vertigo is generally produced when injury
occurs to one vestibular apparatus while the other remains
intact or when there is asymmetric involvement. A classi-
cal example is that which occurs in patients with vestibular
neuritis (due to the vestibular nerve inflammation). Other
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examples of peripheral vestibular dysfunctions are: benign
paroxysmal positioning vertigo BPPV (seen in patients fol-
lowing head trauma or idiopathic origin seen in the elderly),
Méniere’s disease (endolymphatic hydrops), acoustic neu-
roma, barotrauma, cervical vertigo (due to osteoarthritis).
The causes of central vestibular disorders include brain
concussion, tumours of central nervous system, vertebro-
basilar insufficiency, multiple sclerosis, epilepsy, pres-
byastasis. As mentioned earlier, vertigo may also be as-
sociated with some occupational diseases (e.g., kinetosis,
vibration syndrome, barotrauma, decompression sickness)
and occupational poisonings, mainly by solvents and their
mixtures [3,4]. The symptom of vertigo may also appear
on a general medical basis in such diseases like arterial
hypertension, diabetes mellitus, hypo- and hyperthyreo-
sis, arteriosclerosis, as well as from non-vestibular causes
other than inner ear dysfunction, e.g., visual disturbances
(reduced vision due to cataracts) [13,19]. Several methods
are available for objective diagnosing of vertigo, each with
its own advantages and disadvantages.

In this study, two modern methods, namely ENG
and VNG with caloric testing, were used to compare their
relative value. The results of assessment of the caloric test
induced nystagmus in three groups of patients with dif-
ferent causes of vertigo confirmed the clinical significance
of canal paresis (CP) known also as unilateral weakness,
which is indicative of a peripheral vestibular lesion that
involves the nerve or end-organ on the side of the weak-
ness (loss of excitability) [8,13,20]; CP was found in all
patients of group II, both in ENG and VNG, with diag-
nosed vestibular neuritis, otic barotrauma or kinetosis.
Only in 3 cases it was associated with directional prepon-
derance (DP). On the other hand, none of the patients of
group I with central origin disorders showed CP in VNG,
while 5 persons showed it in ENG; in the majority there
prevailed DP defined as a measure of the relative strength
of rightbeating versus leftbeating nystagmus provoked by
caloric stimulation, thought to be rather an indicator of
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central vestibular abnormality and sometimes occurring in
healthy individuals [8,20] (in our study in 10 cases both in
ENG and VNG, and 3 per each method separately).

As anticipated, the patients with vertigo of mixed ori-
gin (group III) presented usually the appearance of DP
plus CP.

As to the remaining examined parameters of postcaloric
nystagmus, i.e., frequency (FRQ) and slow phase velocity
(SPV), there were no essential differences between ENG
vs. VNG, except for higher values in VNG in controls
(group IV) and patients with mixed vertigo (group III).

It should be emphasized that SPV; i.e., measurement of the
nystagmus intensity, supplies to the examiner an important
data to correctly interpret the findings in terms of CP/DP
as well as of vestibular excitability (VE) evaluated as nor-
mal symmetrical or abnormal (partial or total) loss of VE.
Unfortunately, the ENG examination has some limitations:
only 44°C and 30°C recording of the eyeball movements
is feasible in the vertical and horizontal plane, respective-
ly [4,14-18]. Hence, VNG use is preferable and the ENG
should be used only when VNG is technically difficult [§]. In
particular, the caloric stimulation of the vestibular system,
which enables assessment of the lateral semicircular canal
is considered as the most valuable technique for the docu-
mentation of the site of vestibular disorder [8,12,20,21].
However, many abnormalities, particularly of central ori-
gin, remain non-localizable; therefore, the clinical history
and otologic examination of the patient with vertigo are
vital in formulating the diagnosis and treatment plan.

CONCLUSIONS

The data presented prove that ENG and VNG basically
do not differ. However, our findings seem to indicate
that VNG is more useful and reliable in diagnosing of ver-
tigo due to peripheral vestibular lesion (detection of CP),
whereas ENG turns out to be useful in identification of ver-
tigo resulting from central or mixed vestibular pathology.
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