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Quantitative equilibrium test and complementary

studies in patients with vertigo

Abstract

Vestibular stimulus provoked from the head is transmitted through the vestibular nerve to
the vestibular homo-lateral cell and directly to the brain. At this level the synapse is the
origin of the vestibular-spinal tract and the connection of the inferior vestibular nucleus to
the cells of the anterior horn through the extension of the fascicular branch. The system of
nystagmus generation or the central vestibular system begins in the peripheral nerve cell
or the first neuron that is found in the ganglion. The central axon of the Escarpa ganglion
extends to the nodular and flocular area to inform the brain. It is transported along the
superior vestibular branch of nerve VIII, which connects the vestibular periphery of the
utricle, the upper and lateral canal with the 4 vestibular nuclei and the cerebellum.

Objective: The present study is motivated to investigate the vestibular function through
vestibulospinal (CCG) and (TOB), retinoocular and vestibular (CNG) studies and cerebral
vascular circulation through USD Doppler Ultrasonography in the patient With vertigo,
in order to determine and better guide the vestibular diagnosis. Describing the results in
groups of patients from Germany, Argentina and Mexico.

Materials and Methods: We studied 1343 patients with vertigo, 860 women and 483 men.
Mean age was 47.15 years for both, through vestibulospinal (CCG) and (TOB), retinoocular
and vestibular studies (CNG) and vascular circulation Cerebral cortex through USD
Doppler Ultrasonography in the Otologic Neurophysiology clinic of Mexico City, were
studied and investigated under the parameters of Germany 10,335 and Argentina 2,234.

Results: 1343 patients with vertigo or dizziness were investigated. It was found that
48.16% of the cases had a vascular origin, prevailing a group of pathologies secondary
to the process of hydrodynamic alterations. The most frequent symptom of vertigo was
sensation of ascent with 59.05%, followed by inclination and sensation of fall 51.04%;
And feeling sick 39.02% in the Mexican group. The different variables for each group are
described.

Conclusion: Craniocorpography (CCG), Posturography (TOB), Electronystagmography
ENG, Rotatory Test (RIT), Optokinetic Test, Caloric Test and Doppler Ultrasonography are
techniques to study patients with vertigo in Mexico, Germany and Argentina.
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Introduction

The diagnosis of patients in modern neuro-neurological centers
must include not only medical history and physical examination,
but also objective and quantitative tests through tests that evaluate
equilibrium systems.!

Several useful studies have been reported in the evaluation of
nystagmus that may be spontaneous and inductive, any of which have
been given to study vestibular function through the vestibulospinal,
retinoocular, and vestibular systems.” Through the test of the Skull-
Body-Spray (CCG), Posturography (TOB) tests, and Computerized
Electronystagmography (CNG).!%-1¢

1343 patients with vertigo or dizziness are investigated; 48.16%
of the cases have a vascular origin, prevailing a group of pathologies
secondary to the process of hydrodynamic alterations, 10,335 patients
were studied and investigated under German parameters. Argentina
2,234 patients. Through the Doppler Ultrasonography of the head and
neck (USD), the modern physician can help to complement his better
diagnosis, correlating the clinical exploration with vestibulospinal
(CCG) and (TOB), retinoocular And vestibulocular (CNG)] of the
patient with vertigo or dizziness.!”*

The present study is motivated to investigate the vestibular function
through the CCG, TOB, CNG and cerebral vascular circulation
through the Doppler ultrasound USD’s in the patient with vertigo, in
order to determine and To better guide the vestibular diagnosis.?*?

Material and methods

We reviewed the medical records of patients with a diagnosis
of vertigo valued at Gabinete de Neurofisiologia Otologica from
1993-2016, finding 1,343 patients. It was recorded: sex, age, reason
for consultation, audiological results, otoneurological and vascular
studies.

A detailed questionnaire NODEC IV (Germany) (10,335 patients)
and the ENT- Neurootofisiologia Oftalmologica Examination
(Argentina) (2,234 patients) were applied to each patient. The
neurological study and its characteristics were practiced in all cases.
Cranial nerve disorders as well as background of underlying diseases
were considered. In this case of vertigo.

For the study of Craniocorpography (GCC)

The patient is blindfolded by a sleeping mask, so the visual stimulus
is cut off, the patient loses contact with the floor, is asked to do 80
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steps in place while the proprioceptive stimuli intensify little to Little
also, therefore, the patient now maintains the balance in the stimulus
received from the two only vestibular systems we study the deviation
and rotation of the body giving results of peripheral or central systems
as well as their interpretations. The test procedures applied are the test
of Romberg’s position and the Unterberger-Fukuda gait, the following
variables are studied:

a. The longitudinal displacement of the starting point to the final
point.

b. The lateral rolling that is the width of the envelope of the
movement of the curved head.

c. The angular deviation, which is the angle between the direction
of the starting point and the end point.

d. The body of rotation which is the rotation around the axis of the
body.

To perform the Posturography (TOB) test

In all patients, the balance test (TOB) was performed, consisting
of a static platform of 50x50 cm, where the patient stands out above,
which has four pressure sensors (one at each corner) with a force
range of 0 to 100 kg each. Each sensor produces a small voltage
proportional to the pressure. The platform maintains the electronics
necessary to amplify these signals, convert them to digital format
and send the information to a computer, using the serial port. The
computer receives the forming information from each pressure sensor.

The special software that runs on the Windows PC, allows the
complete COG calculation and its subsequent analysis suppose a
platform that is raised on the ground, with four pressure sensors: 1,2,3
and 4 With the patient standing again, each sensor receives a pressure
or force.

The condition of the test is:

a. Test 1: Open eyes, stable surface (EOS): Complete balance
information.

b. Test 2: With eyes closed, surface stable (ECS): somato sensorial
and vestibular information.

c. Test 3: Open eyes unstable surface (SOU): visual and vestibular
information

d. Test 4: Eyes closed, unstable surface (ECU): Single vestibular
information

The unstable condition (suppressed or very attenuated tactile
information) is performed using a thick foam pad on the platform.

A polygraphic mapping of the patient’s nystagmus is done through
Computerized Electronystagmography (CNG), using electrodes
paired through different axes of movement (horizontal and vertical)
of the eyes, a signal amplification system and recording the graphs in
weather. By convention, the electrodes are arranged so that an upward
deflection of the needle indicates either to the left or a downward
nystagmus beat.

The obtained electronystagmography carefully studies the
coordinated or dissociated movements of the eyes. Nystagmus is
identified in number, frequency, start point, culmination time and its
fine characteristics are taken into account; Spontaneous nystagmus,
slow phase of nystagmus, saccadic eye movements, eye tracking,
and optokinetic testing. A complete battery of various balance tests
is based on the analysis of nystagmus by quantifying its responses.
Vestibular ocular tests are performed either in monoaural form by
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means of caloric or binaural stimuli through inertial stimuli such as
a rotating chair.

The Diagram of the Butterfly of Claussen

In order to maintain stable background conditions during the
caloric test, the irrigation catheters are inserted to the outer ears using
an air irrigator. The optimum flow rate should be maintained between
5 to 6 liters per minute. This flow is maintained for half a minute at
27 °C (30 °C) or 48 °C (44 °C). The test is performed supine with the
patient lying on a special research table with the head elevated by 30
degrees.

The nystagmus reaction is recorded electronystagmographically
for at least 3 minutes and these nystagmus responses are taken as a
measure of the individual’s reaction on a standard test load. In a first
work upwards, the curves are evaluated by identifying the nystagmus.
This makes heartbeat. Therefore, the post-caloric culmination takes
place. The maximum heartbeat frequency for 30 seconds in the
culmination area, which is called the central nystagmus frequency,
is then transferred into the schematic of the 4-quadrant butterfly
with underlying normal ranges for the development of functional
characteristics of the Right and left hot caloric irrigation and the right
and left caloric cold responses.

The rotational nystagmus test uses a binaural stimulus.

Optokinetic nystagmus is stimulated through the retinoocular
pathway and recorded by electronystagmography. Through the use
of the polygraph of the electronystagmography the right and left
eye movements are evaluated and can be carefully analyzed and
evaluated for the ocular coordination deficit. In order to know the
basic ocular activity, we regularly carry out a spontaneous nystagmus
with eyes closed and a nystagmus-fixation before the optokinetic test.
We perform a pendulum-tracking stimulus of the gaze, the patient
is looking at The oscillation of the electronic bar that generates a
pendulum-shaped physical pendulum at a distance of 1 m in front of
its eyes, 20° to the right and 20° to the left, with a frequency of 0.3
degrees.

Circulatory hydrodynamics was studied by means of the two
methods, Doppler Ultrasonography (USD), the effect of internal and
external carotid arteries, supratrochlear, right and left vertebrae and
anterior cerebral right and left. Head and neck cerebral blood pressure
was investigated using a bidirectional fluxmeter from the Sonothecnic
Germany 7000 continuous beam with probes and a Mhz frequency 2,
4 and 8.

The method consists of supporting a probe with a pencil shape
that is capable of emitting signals at a given frequency (according to
the depth of the artery being studied) over and through the different
arteries, the signals being reflected by the Column of red blood cells
within the circulation, causing a change in the emitted frequency,
which allows us to evaluate the velocity, flow and direction of the
bloodstream in a secondary way.

The obtained analogue signal is analyzed through a microcomputer
evaluating graphically the following parameters:

a. Maximum systolic velocity (MSS in cm / sec)
b. Final Diastolic Velocity (SDS in cm / sec)
c. Resistance Rate (IR according to Pourcelot formula)

The mean brachial pressure consists of the evaluation of the
maximum and minimum blood pressure taken at the level of the brachial
artery or the left humeral artery. For this, a sphygmomanometer of the
brand OMRON, HEM-714INT was used. The bracelet is placed in the
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region or the inner border of the arm and the values corresponding to
systolic and diastolic arterial values are recorded. The above values
were taken in a sitting and lying position (Proof of Provocation)
that allow this method to obtain an orientation of peripheral arterial
capillary resistance in a fast manner. Claussen, Bergmann and Bertora
have reported the most important parameters for diagnosis in CCG,
CNG, TOB and USD. Each GCC, GNC, TOB and UDS variable was
analyzed using statistical tests (Chi-Square and Pearson’s R) and
Spearman’s independent variables for correlation were applied.*

Results

1343 patients at the Gabinete de Neurofisiologia Otologica in
Mexico City, 860 women and 483 men, mean age was 47.15 years.
NODEC 1V (Germany, 10,335 patients) and Neurootofisiologia
Oftalmologica (Argentina, 2,234 patients) were examined and
investigated, ENG, ENG, CCG, TOB and USD. The distribution of
sex, age and symptoms for the groups is shown in Table 1.

The most frequent symptom of vertigo was sensation of ascent
with 59.05%, followed by inclination and sensation of fall 51.04%;
And feeling sick 39.02%. We found hypoacusia in 53.30% for
NODEC 1V (Germany) and 54.58% for Gabinete Neurofisiologia
Otologica (Mexico). The symptom tinnitus 44.80 (Germany) 43%
Argentina and 42.94% Mexico is similar in all three groups, Table 2.
The headache was 35.66% in Mexico, similar to Neurootofisiologia
Oftalmoloégica (Argentina), but greater than NODEC IV. Table 3.
In vascular history: hypertension 24.20% (Mexico) was as high as
Neurootofisiologia Oftalmologica (Argentina) but less than NODEC
IV (Germany). For NODEC IV (Germany) Heart Failure 0.67%,
Neurology Disease 7.15%, and kidney disease 9.95% were less than
Table | Distribution of patients by age, gender, symptoms
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for Neurootofisiologia Oftalmologica (Argentina), However, Diabetes
is the highest for Mexico 9.75% not so for the NODEC IV group
(Germany) and the Neurootofisiologia Oftalmologica (Argentina),
Table 4.

The results found among the groups can be due to the cultural,
educational and alimentary habits of each country, an example can
be the drinks: in Mexico the food is accompanied by soft drinks, in
Germany of beer and in Argentina with wine.

In the results of the Cranioocorpography study the variable of
linear displacement, right and left lateral deviation, right and left
lateral angulation are similar with the NODEC IV (Germany) and
Neurootofisiologia Oftalmoldégica (Argentina) groups Table 5. In
the Romberg test we found for Mexico that the normal variable is
73.42% Table 6. The discrete ataxic variable for the Mexican group
is 18.61%, and for Otoophthalmologic Neurophysiology (Argentina)
it is 29.26%. This may be due to the high diagnosis of central vertigo
in this country.

In the Caneocorpography Equilibrium Test (GCC) the results of
the variables (mean velocity, total displacement, equilibrium area and
Romberg) are shown in Table 7. The variables of caloric and rotatory
tests are similar for all groups Table 8. In the results of the Optokinetic
Test we find the values of the variables frequency, amplitude and
speed slow phase Table 9. We studied and described the normal values
of head and neck arteries in a group of 750 patients through Doppler
ultrasonography (USD) of the internal and external carotid arteries,
supratrochlear, vertebral and right anterior cerebral cerebral. In order
to standardize the test in Mexico and thus apply it to patients with
vértigo Table 10.

Nodec Iv. (Germany) Ophthalmologic Neurootophysiology (Argentina)

Neurophysiology Otology (Mexico)

# Patient 10,335 2,234
Age 42.2 48.05
Female sex 45.2 55.49.05
Male sex 54.8 445]
Symptom

Lift sensation 39.10% 14.91%
Rotation sensation 35.90% 33.06%
Feeling sick 30.10% 29.24%
Lateral sensation 19.20% 26.93%
Insecurity 35.20% 60.92%
Vomit 15.10% 14.10%
Cold sweating 11.90% 21.04%

1,343
47.15
49.1

45.07

59.05%
51.04%
39.02%
34.34%
26.88%
13.85%
10.87%

Table 2 Distribution of auditory symptoms

Symptom Nodec iv (Germany) Ophthalmologic Neurootophysiology (Argentina)

Neurophysiology Otology (Mexico)

33.87%
43%

Hypoacusia 53.30%
Tinnitus 44.80%

54.58%
42.94%

Table 3 Distribution of visual and head symptoms

Symptom NODEC IV (GERMANY) Ophthalmologic Neurootophysiology (Argentina) Neurophysiology Otology (Mexico)
Double vision 26.93% 9.64% 5.96%

Oscilopsia ... 28.66% 4.99%

Headache 10.50% 47.10% 35.66%

Table 4 Distribution of vascular symptoms

NODEC IV (Germany) Ophthalmologic Neurootophysiology (Argentina)

Neurophysiology Otology (Mexico)

Background

Hypotension 23.50% 20.92%
Hypertension 12.40% 20.34%
Insuficience heart 11.30% 4.85%
Diseases Neurological 23% 12.83%
Head trauma 24% 17.34%
Diabetes 5.10% 3.23%
Kidney diseases 6.30% 3.46%

16.60%
24.20%
0.67%
7.15%
16.45%
9.75%
3.95%
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Table 5 Distribution of the variables Unterberger test

Craniocorpograhy Test NODEC IV (Germany) Ophthalmologic Neurootophysiology (Argentina) Neurophysiology Otology (Mexico)
# PATIENTS 1.689 1.200 1.343
Body movement, Side by side (CM) 15.10 14.93 18.45
Displacement Lineal (CM) 110.80 104.80 95.11
LAT.DEV. Right (GRD) 33.40 36.72 33.07
LAT.DEV. Left (GRD) 32.40 36.72 33.07
LAT.ANG Right (GRD) 56.50% 58.42% 56.12
LATANG Left (GRD) 51.90% 53.83% 52.70

Table 6 Distribution of Romberg test variables

Test of Romberg (Qualitative) Ophthalmologic Neurootophysiology (Argentina) Neurophysiology Otology (Mexico)

# PATIENTS 1.200 1.343
NORMAL 43.69% 7342
DISCRET ATAXIC<8 CM 29.26% 18.62
SEVERE ATAXIC<10 CM 28.04% 797

Table 7 Distribution of Craniocorpography Test (GCC)

Variables and Average Speed

Stable In Stable

OA < .40 | OA < .69 5
OA > I.13 19 OA >2.13 14
Total 20 Total 19
OC<.%4 49 OC< .6l 4]
OC >1.53 22 OC >3.64 8
Total 71 Total 49
Anormal 91 Anormal 68
Normal 8 Normal 32
Total 100 Total 100
Variables and Balance Area

Stable In Stable

OA < .82 7 OA <.78 |
OA >2.50 47 OA > 4.68 48
Total 54 Total 49
OC<1.93 26 OC <491 31
OC >7.09 10 OC>20.13 |l
Total 36 Total 42
Anormal 90 Anormal 91
Normal 10 Normal 9
Total 100 Total 100
Variables Romberg

Estable In estable

OA <244 88 OA <89 99
OA > 443 12 OA > 99 |
Total 100 Total 100
Anormal 47 Anormal 49
Normal 3 Normal |
Total 50 Total 50

Table 8 Caloric and rotatory test results

Caloric Test.Frec NYSRA.30SEG NODEC IV (Germany) Ophthalmologic Neurootophysiology (Argentina) Neurophysiology Otology (Mexico)

DO NOT. OF PATIENTS 10,335 2,234 1,343

44 °C LAW 20,90-57,70 17,83-85.84 20,30-68,04
44 °C LEFT 25,60-64,00 19,38-75,84 22,20-68,95
30 °C RIGHT 23,10-60,90 10,30-68,60 19,60-60,67
30 °C LEFT 24,20-66.80 25,50-80,30 23,90-69,53

Table 9 Results of Optokinetic Test Variables in the Mexico group

Optokinetic Right Optokinetic Left
Frequency / Sec 60.69 62.33
Amplitude u /V 359.33 379.33
SPV/Sec 17.24 18.34
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Table 10 Normal blood flow in the extracranial and transcranial arteries in Doppler Ultrasonography in the Mexico group

Right Supratclear

Supratoclear Left

Vertebral Right Vertebral Left

cmlsec MVS VDF MVS VDF MVS VDF MVS VDF
average 28.27 7.23 27.38 7.61 15.41 4.40 14.24 3.97

SD 7.87 2.66 7.62 343 6.86 2.69 7.08 2.14

(+) 36.14 9.89 35.00 11.04 22.28 7.09 21.32 6.12

(-) 20.41 4.58 19.76 4.18 8.55 1.71 7.17 1.83

IR 0.74 0.72 0.71 0.72

Internal Carotid Law External Carotid Law Internal Carotid Left External Carotid Left

cm/sec MVS VDF MVS VDF MVS VDF MVS VDF
average 30.65 7.80 20.46 7.24 29.41 7.89 19.77 6.92

SD 21.45 2.77 5.05 2.26 8.8l 2.74 3.63 1.70

(+) 52.10 10.57 25.52 9.50 38.22 10.63 23.40 8.6l

(-) 9.20 5.03 15.41 4.97 20.60 5.14 16.14 5.22

IR 0.75 0.65 0.73 0.65

Primitive Carotid Law Primitive Carotid Left Cerebral Anterior Right Cerebral Anterior Eft

cm/sec MVS VDF MVS VDF MVS VDF MVS VDF
average 28.05 6.90 26.63 6.07 29.9 17.0 283 15.9

SD 8.00 3.50 8.30 3.04 0.93 0.70 0.64 091

(+) 36.05 10.40 34.93 9.47 35.13 8.79 34.00 10.03

(-) 20.05 3.40 18.33 3.30 19.31 3.48 18.66 3.17

IR 0.75 0.77 0.51 0.27

Cerebral anterior = 0.7861, p <0.0001; Supratroclear r = 0.2841, p 3. Claussen CF, SA J. Clinical study of Human Equilibrium.

<0.004; Vertebral R=0.6341, p <0.0001; Carotid r=0.8432, p <0.0001
MVS: Maximal Systolic Velocity; VDF: Final Diastolic Velocity; SD:
Standard Deviation; IR: Resistance

Conclusion

Craniocorpography (CCQG), Posturography (TOB),
Electronystagmography (ENG), Rotatory Test (RIT), Optokinetic
Test, Caloric Test and Doppler Ultrasonography are techniques for
studying patients with vertigo. When analyzing what was studied and
determined in these techniques we can find results in Mexico similar
to the groups of Germany and Argentina.

The diagnosis of patients with vertigo in modern neuro-
neurological centers should include an anamnesis and exploration with
objective and quantitative tests of balance, as well as complementary
studies such as the circulatory hydrodynamic study through the
Doppler Ultrasonography of Head and Neck for the best Diagnosis
and treatment of the patient with vertigo.
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