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Effect of age on body balance and on the results of the video
head impulse test in patients with heart failure
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ABSTRACT

Purpose: to verify whether there is an association between the clinical
assessment of balance and the gain in the vestibulo-ocular reflex with
advancing age in patients with heart failure. Methods: analytical-descriptive,
observational cross-sectional study, which included patients diagnosed with
heart failure, divided into two groups by age (G1, under 60 years old and
G2, 60 years old or older). The patients were evaluated through anamnesis,
cardiac assessment, clinical assessment of body balance (cerebellar function
screening and assessment of static and dynamic balance) and instrumental
assessment of vestibular function (Video Head Impulse Test-vHIT). The
findings were described and compared through inferential statistical analysis.
Results: 34 patients with a mean age of 55 years and 9 months, mostly men
(71.49%). There was no association between vestibulo-ocular reflex gain,
symmetry of the semicircular canals and body balance with advancing
age. Associations were observed between the results of the Unterberger-
Fukuda test with the gain in the vestibulo-ocular reflex of the right lateral
and left posterior semicircular canals and with the percentages of symmetry
of the anterior semicircular canals for patients in Group 2. In Group 1, an
association was observed between the results of the Unterberger-Fukuda
test and the symmetry values of the anterior semicircular canals and the
gain in the vestibulo-ocular reflex of the left anterior and right posterior
semicircular canals. Conclusion: there was no association between the
results of the clinical assessment of body balance and the VHIT findings
with advancing age in patients with heart failure. However, there was a
difference between the gain of the specific vestibulo-ocular reflex for some
semicircular canals, with higher rates of alteration in the dynamic balance
test, in both groups. The results of the applied tests allowed characterize
the predominance of chronic vestibular hypofunction of peripheral origin
in patients with heart failure, regardless of age group.

Keywords: Heart failure; Head pulse test; Vertigo; Vestibular tests;
Cardiovascular diseases

RESUMO

Objetivo: verificar se existe associagao entre a avaliagao clinica do equilibrio e
o ganho do reflexo vestibulo-ocular com o avango da idade em pacientes com
insuficiéncia cardiaca. Métodos: estudo transversal analitico-descritivo, de
carater observacional, que incluiu pacientes com diagnostico de insuficiéncia
cardiaca, divididos em dois grupos, por idade (G1,menos de 60 anos e G2,
60 anos ou mais). Os pacientes foram avaliados por meio de anamnese,
avaliacao cardiologica, avaliagdo clinica do equilibrio corporal (triagem da
fungdo cerebelar e avaliagao do equilibrio estatico e dinamico) e instrumental
da funcao vestibular (Video Head Impulse Test-vHIT). Os achados obtidos
foram descritos e comparados por meio de andlise estatistica inferencial.
Resultados: foram avaliados 34 pacientes com média de idade de 55 anos
e 9 meses, a maioria homens (71,49%). Nao houve associacdo do ganho
do reflexo vestibulo-ocular, simetria dos canais semicirculares ¢ avaliagdes
do equilibrio corporal com o avanco da idade. Observaram-se associagoes
entre os resultados da prova de Unterberger-Fukuda com o ganho do reflexo
vestibulo-ocular do canal semicircular lateral direito e posterior esquerdo
e com os percentuais de simetria dos canais semicirculares anteriores para
os pacientes do Grupo 2. Para os individuos do Grupo 1, foi observada
associag@o entre os resultados da prova de Unterberger-Fukuda com os
valores de simetria dos canais semicirculares anteriores e do ganho de reflexo
vestibulo-ocular dos canais semicirculares anterior esquerdo e posterior direito.
Conclusio: ndo houve associacgao entre os resultados da avaliagdo clinica do
equilibrio corporal e dos achados do VHIT com o avango da idade, em pacientes
com insuficiéncia cardiaca. Entretanto, observou-se diferenga entre o ganho
do reflexo vestibulo-ocular especifico para alguns canais semicirculares, com
maiores indices de alteragdo na prova de equilibrio dindmico, em ambos o0s
grupos. Os resultados dos testes aplicados permitiram caracterizar o predominio
da hipofungao vestibular cronica de origem periférica nos pacientes com
insuficiéncia cardiaca, independentemente da faixa etaria.

Palavras-chave: Insuficiéncia cardiaca; Teste do impulso cefalico; Vertigem;
Testes vestibulares; Doengas cardiovasculares
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INTRODUCTION

Heart failure (HF) is a clinical syndrome characterized by a
set of signs and symptoms caused by a structural or functional
cardiac abnormality, resulting in decreased cardiac output
or increased intracardiac pressures”. It is a highly prevalent
disease, with implications on the patients’ morbimortality
and the health system’s expenses®. It is the main cause of
hospitalization in South America, and, in Brazil, 21% of hospital
admissions due to respiratory system conditions are estimated
to be caused by HF®.

Some studies have investigated the correlation between
the cardiovascular system and cochleovestibular systems®“®.
Also, some drugs commonly used in clinical HF treatment,
such as antiarrhythmics and diuretics, are potentially related
to the onset of vestibular symptoms. Among these, vertigo
can be considered an important biomarker of labyrinthic
microcirculation changes and a relevant indicator of circulatory
changes caused by cardiovascular diseases® Damages caused
by changes in inner ear circulation may lead to peripheral and
central impairments in the cochleovestibular system, with
mild, moderate, or severe symptoms, even in patients with
cardiovascular compensation®®

Vestibular assessment is indicated for all individuals with
complaints of dizziness, regardless of its etiology. In the
battery of tests that assess the vestibular function, the Video
Head Impulse Test (VHIT) stands out as a gold standard test
in the high-frequency domain thanks to its sensitivity and
specificity, assessing the three pairs of semicircular canals
(SCC) synergically, providing objective measures of gain,
vestibulo-ocular reflex (VOR) asymmetry, and corrective
saccades®.

Dizziness complaints are a risk factor that may lead to falls
and various complications. When associated with morbidity
due to HF, the impact of these symptoms on the quality of life
may be even more debilitating, as it impairs performance in
occupational, social, and domestic activities®.

Given the high prevalence of HF in the Brazilian and world
population and the advantages and innovations brought about by
VHIT for vestibular assessment, this study aimed to verify the
association between results of clinical body balance assessment,
vHIT, and advancing age in HF patients.

METHODS

This study was approved by the Research Ethics
Committee of the Onofre Lopes University Hospital at the
Federal University of Rio Grande do Norte - CEP/HUOL/
UFRN, under evaluation report no. 2.809.558/2019. It is a
cross-sectional, analytical, descriptive study. The sample
comprised 34 patients, selected by convenience, with a medical
cardiologic diagnosis of HF (functional class type I, based
on criteria established by the New York Heart Association),
followed up in a multiprofessional and interprofessional
outpatient center, presenting vestibular and/or body balance
complaints. Data were collected between August 2019 and
January 2020.

The sample was divided into two selection groups: Group 1
(G1), with 21 adults, aged 30 to 59 years and 11 months; and
Group 2 (G2), with 13 older adults aged 60 or more years.
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Concerning the type of HF, 21 patients were diagnosed with
preserved ejection fraction (diastolic) and 13, with reduced
ejection fraction (systolic).

Patients were informed about the study stages and procedures,
and those who agreed to participate signed an informed consent
form. Patients with chronic degenerative disease, tumors in
the central nervous system, or any type of physical or cervical
limitation that hindered them from doing the research procedures,
especially vHIT, were excluded from the study.

Patients answered a previous protocol, developed by the authors
to gather information on cochleovestibular symptoms, previous
history, and cardiovascular disease. Cardiologic assessment
information was obtained from the electronic medical record.

Body balance was clinically assessed to relate functional
findings with vHIT parameters, using the following tests:
diadochokinesia and finger-nose test, to rule out the possibility
of central changes; Romberg and Sharpened Romberg tests,
to assess static balance; and Unterberger-Fukuda Test (UFT),
to assess dynamic balance®!?.

In the Romberg test, the patient stands in an orthostatic
position, arms by their body, heels together, and big toes
30° apart. The test is performed with eyes open and closed.
In the Sharpened Romberg test, the patient stands in a semi-tandem
stance, with eyes open and then closed. In both tests, they
stand for 30 to 60 seconds in the position told by the evaluator,
observing the difference in sway with and without eyesight.
The test result is positive (+) when the patient has body sway,
such as imbalance and tendency to fall, and negative (-) when
they do not have imbalance and/or instability®.

In UFT, the patient gaits without moving, raising their knees
to about 45°, arms by their body, eyes open and then closed,
for about 60 seconds. If the patient moves more than 1 meter
and/or rotates the body more than 45°, the result is considered
suggestive of vestibular dysfunction. It is important to highlight
that, in asymmetric lesions, the body rotates to the side of the
most poorly functioning labyrinth!®,

VHIT was performed (ICS-Impulse device, manufactured by
Natus-Otometrics) according to the manufacturer’s instructions
and a previous study'? concerning the patient’s position
and the placement and distance of the target on the wall, and
calibration criteria. Lateral and vertical canal stimulation
tests were performed with low-amplitude head impulses
(10°-20°) at the speed of 150°-200°/seg, as instructed in the
equipment’s manual ',

The following parameters were analyzed: VOR gain, the
symmetry between SCCs, the presence and characterization of
compensatory saccade parameters, the percentage of occurrence,
amplitude, and latency, and the Perez and Rey Score (PR Score).
Abnormality was indicated with a reduced VOR gain and/or
the presence of compensatory saccades®. The vHIT analysis
considered the reference values proposed in the literature”:'?,
as follows: VOR gain between 0.8 and 1.20 for the lateral canals
and between 0.7 and 1.20 for the vertical ones.

Vestibular system compensation was measured with the
PR Score, whose goal is to measure the compensatory saccade
grouping rate in relation to time. The PR Score ranged from
0 to 100 points — the higher the PR Score, the greater the
saccade dispersion, indicating ’vestibular decompensation’.
Lower scores indicate less dispersion (i.e., saccade grouping),
which is characteristic of a better vestibular compensation
than in dispersed saccades, directly contributing to a better
VOR gain*19),

Audiol Commun Res. 2023;28:¢2780



vHIT in patients with HF

Latency was used to characterize the presence of covert
and overt saccades. They were considered covert when they
began before ending the head impulse (between 70 and 100 ms),
and overt when they took longer than 100 ms (beginning after
ending the impulse)?.

Saccade amplitude was considered abnormal when higher
than 100°/s regardless of the VOR gain, or when the interaural
difference of contralateral canal amplitude was equal to or
greater than 40°/s. The amplitude and latency parameters were
used specifically to analyze the lateral canals.

Besides the descriptive statistical analysis, the following
tests were used to reach the study objectives!':

- Fisher’s exact test, to verify the statistical association
of categorical variables in relation to the group.

- Student’s t-test for independent samples, to compare
two means of unpaired samples.

- Spearman correlation coefficient (tho), to quantify the
association between two quantitative variables, ranging
from -1 to 1, using the correlation values proposed in
the literature, as follows: values between 0.2 and 0.4 are
considered a weak correlation; between 0.41 and 0.7,
moderate; and between 0.71 and 0.9, strong.

- Two-way ANOVA, to partition the total variance of a
given response (dependent variable) into two: the first
one due to the regression model (in this case, between
groups), and the second one due to residues (errors)
(within groups). The greater is the first in relation to
the second, the greater is the evidence of the difference
between the groups’ means. This model assumes that
its residues have a normal distribution, with a mean of
0 and constant variance.

In all analyses, the level of significance was set at 5%, and
the adjustments were obtained in SAS software (version 9.2).

RESULTS

The sample had 27 men (79.41%) and seven women (20.59%),
with a mean age of 55 years and 9 months. G1 corresponded to
61.76% of the study sample, with a mean age of 46 years and
6 months, while G2 was 38.32% of the sample, with a mean
age of 68 years and 8 months. All patients had HF functional
class type I, indicating their cardiovascular compensation.

Dizziness was the most self-reported cochleovestibular
symptom (73.53%), followed by tinnitus in at least one ear
(55.89%), vertigo (52.94%), presyncope (44.12%), and imbalance
or instability (26.47%).

The cerebellar function screening and Romberg test did
not find changes in the total sample. Abnormal results were
found in the Sharpened Romberg and UFT tests (Table 1).

Abnormal VHIT parameters, considering decreased VOR
gain and SCCs symmetry, were more frequent in the vertical
SCCs in the total sample; this pattern was maintained in G1,
whereas G2 had decreased gain in the left lateral SCC as well
(Table 2).

It was found that 70.58% of patients had compensatory
saccades in one or more SCCs. Lateral ones had more
compensatory saccades, followed by the anterior and
posterior canals. The characterization of saccadic parameters
is described in Chart 1.

Student’s t-test was used to compare the gain and symmetry
of SCCs between G1 and G2 —however, it found no statistical
difference. As for the correlation of ages with vHIT gain
and the occurrence of saccades, the values indicated a weak
correlation (left lateral SCC r=0.088 and p = 0.62; right lateral
SCC r = 0.0509 and p = 0.02; left anterior SCC r = -0.285
and p = 0.10; right anterior SCC r = -0.292 and p = 0.09; left
posterior SCC r=0.066 and p = 0.71 and right posterior SCC
r=0.060 and p=0.71).

Since there were no abnormal results in the cerebellar
function assessment with the Romberg test, the study did not
perform an inferential analysis of these variables. Fisher’s
exact test was used to compare Sharpened Romberg test
results, but it did not find any difference between G1 and
G2’s results (p > 0.05) — although the p-value was near the
statistical difference (p =0.051) in the Sharpened Romberg test.

The two-way ANOVA test was used to compare the results
of the Sharpened Romberg and UFT tests with the other study
variables (age, gain in the right and left anterior, lateral, and
posterior SCCs, and asymmetry in the anterior, lateral, and
posterior SCCs) between G1 and G2.

No association was found between the Sharpened
Romberg test and the said variables between the age groups
(p > 0.05).

As for UFT, there were statistical differences with
specific VHIT parameters, such as VOR gain in G1, and
other parameters in G2, such as the symmetry of SCCs and
VOR gain (Table 3).

Table 1. Percentage distribution of the Sharpened Romberg and Unterberger-Fukuda Stepping test results per group

Test Results
Sharpened Romberg test Normal (%) Abnormal (%)
Group 1 (n=21) 42.86 5714
Group 2 (n=13) 92.31
Unterberger-Fukuda Stepping test Normal (%) Abnormal (%)
Group 1 (n=21) 28.58 71.42

Group 2 (n=13)

23.07

76.07

Source: Research data (2019)
Subtitle: % = percentage; n = number of subjects
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Table 2. Distribution of descriptive measures of vestibulo-ocular reflex gain and symmetry of each semicircular canal per group (n =21 and n = 13)
in the Video Head Impulse Test

SCC Mean SD Median Min Max
Group 1 (n=21)
Gain in the canals

Right Lateral 0.96 0.15 0.94 0.68* 1.38
Left Lateral 0.86 0.13 0.87 0.61* 1.24
Right Anterior 0.68* 0.22 0.75 0.63* 1.01
Left Anterior 0.61* 0.24 0.59* 0.10* 1.11
Right Posterior 0.62* 0.29 0.55* 0.18* 1.19
Left Posterior 0.67* 0.30 0.64+ 0.34+ 1.04
Symmetry (%)

Lateral 10% 0.08 0.08 0.04 0.30
Anterior 26%* 0.19 0.19 0.01 0.90
Posterior 30%* 0.20 0.27 0.08 0.70

Group 2 (n=13)
Gain in the canals

Right Lateral 0.92 0.20 0.93 0.54+ 1.30
Left Lateral 0.75* 0.23 0.77+ 0.24+ 1.03
Right Anterior 0.59* 0.24 0.52+ 0.10* 1.01
Left Anterior 0.50* 0.21 0.52* 0.10* 0.78
Right Posterior 0.51* 0.17 0.54+ 0.13* 0.84
Left Posterior 0.50* 0.36 0.32* 0.10* 1.24
Symmetry (%)

Lateral 20% 0.22 0.08 0.02 0.71
Anterior 40%* 0.24 0.35 0.00 0.99
Posterior 39%* 0.32 0.53 0.00 0.99

Comparison between groups (G1-G2)
Gain in the canals — P-value

Right Lateral 0.4761
Left Lateral 0.0922
Right Anterior 0.2334
Left Anterior 0.2107
Right Posterior 0.2620
Left Posterior 0.0525
Symmetry — P-value

Lateral 0.0591

Anterior 0.0777

Posterior 0.4591

Source: Research data (2019)
* Abnormal value
Subtitle: SCC = semicircular canal; SD = standard deviation; Min = minimum value found; Max = maximum value found; n = number of subjects; % = percentage

Chart 1. Representation of descriptive measures of compensatory saccade parameters for the semicircular canals in which they were present

Occurrence (%) PR Score (%) Latency (ms) Amplitude (°/s)
SCCs Saccade classification Mean Mean Mean Mean
G1 G2 G1 G2 G1 G2 G1 G2
Right Lateral Covert 36 10.66 26.37 60.25 130.33 88 82.33 83.55
Overt 15.25 60.8 348.66 282.66 86.25 107.33
Left Lateral Covert 15.57 34.5 20.87 62.5 94.57 101 104.25 144.5
Overt 29.85 57 306.57 257.25 110.85 142.75
Right Anterior Covert 5.76 12 13.44 19 99.50 109 59.77 36.5
Overt NA NA NA NA NA NA
Left Anterior Covert 43.30 NA 42.80 0 115.66 NA 60.33 NA
Overt 28 NA 159 NA 79.66 NA
Right Posterior Covert 30.2 19 36 15.5 98.8 108 63.4 575
Overt 21.6 11 258 436 173.33 63
Left Posterior Covert NA NA 0 0 NA NA NA NA
Overt NA NA NA NA NA NA

Source: Research data (2019)
Subtitle: % = percentage; ms = milliseconds; %/s = degrees per second; SCC = semicircular canal; G1 = group 1; G2 = group 2; PR Score = Perez and Rey Score;
NA = not analyzed
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Table 3. Distribution of results in the comparison of variables between age groups 1 and 2 in the Unterberger-Fukuda Stepping test, with the two-way

ANOVA test
Effect Estimated difference p-value Confidence interval (95%) Mean of Compared Variables
Left anterior SCC gain UFT (G1- G2) 0.13983333 0.1098 -0.03346792 0.31313459 Abnormal UFT Normal UFT
Group 1 (Abnormal - Normal) -0.30133333 0.0054* -0.50638614 -0.09628052 0.52 0.82
Group 2 (Abnormal - Normal) -0.10766667 0.4375 -0.38710654 0.17177321 0.48 0.74
Right lateral SCC gain GROUP (G1- G2) -0.01716667 0.8014 -0.15529363 0.12096030 Abnormal UFT Normal UFT
Group 1 (Abnormal - Normal) -0.00133333 0.9868 -0.16476736 0.16210069 0.96 0.96
Group 2 (Abnormal - Normal) -0.22700000 0.0460* -0.44972304 -0.00427696 0.86 1.06
Right posterior SCC gain GROUP (G1- G2) 0.17583333 0.0667 -0.01290251  0.36456918 Abnormal UFT Normal UFT
Group 1 (Abnormal - Normal) -0.34433333 0.0037* -0.56764860 -0.12101807 0.52 0.86
Group 2 (Abnormal - Normal) 0.00066667 0.9965 -0.30366074  0.30499407 0.51 0.51
Left posterior SCC gain GROUP (G1- G2) 0.13433333 0.2038 -0.07683394 0.34550060 Abnormal UFT Normal UFT
Group 1 (Abnormal - Normal) -0.17033333 0.1741  -0.42018982 0.07952315 0.62 0.80
Group 2 (Abnormal - Normal) -0.34900000 0.0449* -0.68949699 -0.00850301 0.40 0.75
Symmetry between anterior SCCs GROUP (G1- G2) -0.08616667 0.3085 -0.25604419 0.08371086 Abnormal UFT Normal UFT
Group 1 (Abnormal - Normal) 0.07333333 0.4620 -0.12766847 0.27433513 28% 20%
Group 2 (Abnormal - Normal) 0.28566667 0.0415* 0.01174739  0.55958595 47% 18%

Source: Research data (2019)
*Statistically significant P-value

Subtitle: % = percentage; SCC = semicircular canal; UFT = Unterberger-Fukuda Stepping test; G1 = group 1; G2 = group 2

DISCUSSION

HF is a worldwide public health problem. Among cardiovascular
diseases, it is diagnosed more often between the fifth and sixth
decades of life, with a greater prevalence among males — which
agrees with this study. The greater number of risk factors for
the development of chronic diseases in men than in women is
also cited in the literature!'”-'®),

Cochleovestibular symptoms may be common in the
population with cardiovascular diseases, particularly classic
dizziness, vertigo, and tinnitus. These symptoms are cited as
common clinical manifestations in diseases that affect vascular
functioning in the organism®!?.

The cerebellar functioning screening had no abnormal
results in the total sample, which is important to rule out
possible central vestibulopathies®??. Clinical changes were
present in most of the study sample in the Sharpened Romberg
and UFT tests, with findings characteristic of peripheral
vestibular dysfunction. The patients assessed in the study
had higher instability rates to the left side, showing that UFT
helps identify the side of the lesion in cases of asymmetrical
vestibular dysfunction — in which, this clinical test is even
more sensitive than the Romberg test®!%,

The vHIT results indicated a decreased mean gain for vertical
SCCs in both groups, while G2 also had abnormal results for
the left lateral SCC. The mean symmetry of vertical SCCs
was also abnormal in both groups. So far, no study has been
found relating these parameters in HF patients. However, these
findings suggest that this population’s peripheral vestibular
dysfunctions may have occurred in the initial phase of cardiac
decompensation and had not been fully recovered, as they were
not treated at the appropriate time. Moreover, with advancing
age and oscillations related to the cardiovascular condition,
other peripheral vestibular sensors may have been impaired®'*?.

An association was found between vHIT and UFT results,
confirming that the reduced VOR gain influences tasks that
require body balance control®. G2 had worse UFT results
than G1, with a statistical difference in some variables.
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This finding reinforces that aging influenced sensory receptors
in the structures that originate VOR and vestibulospinal
reflex (VSR) responses®?. However, younger patients (G1)
also had a statistical difference between VOR gain and UFT
results, indicating that even younger patients diagnosed
with HF may have impaired sensory structures involved
with VOR and VSR.

A greater percentage of occurrence and higher amplitude
values were found for lateral SCC saccades. Studies®2% show
a possible tendency for greater occurrence of compensatory
saccades in lateral SCCs due to the higher head impulse speed
in these canals, leading to higher amplitude values than in the
saccades of the vertical canals — which confirms the findings
in this study.

Also, a small interaural difference was found in the saccade
amplitude means for the lateral canals, which is characteristic
of the predominance of bilateral and symmetric vestibular
hypofunction®. Furthermore, there was a higher mean PR
Score for lateral SCCs, bilaterally, in G2 than in G1 — i.e.,
a higher saccade dispersion rate, which suggests vestibular
decompensation*!9,

Due to the scarcity of research on high-frequency vestibular
assessment in patients with HF or other cardiovascular diagnoses,
some hypotheses were raised to justify these findings.

Cochleovestibular structures are more sensitive to systemic
changes because their blood supply comes through a single artery.
This makes the vestibular system more susceptible to vascular
lesions, especially ischemic ones®”, possibly justifying episodes
of vertigo and related symptoms, as a reflex of microvascular
failure to provide blood to the labyrinthic structures!®.

The upper vestibular nerve branch innervates the utricle
structures and lateral and anterior SCCs, while its lower
branch innervates the posterior SCCs and saccule. Thus, it can
be inferred that, besides the changes in the vascular supply
to inner ear structures, the impairment caused by HF may
affect the vestibular nerve, influencing the reduced VOR gain.
In the study sample, all synergic SCC pairs were impaired,
though with decreased mean VOR gain in the vertical canals
in both groups.



The results of the procedures applied in this research allow
for the suspected diagnosis of peripheral vestibular dysfunction
in most cases. Though less frequently, there were also hearing
impairment complaints, which agrees with data in the cited
literature™®>. They suggest that vertigo complaints in patients
with cardiovascular diseases could be a determining factor to
request specialized vestibular assessments.

Test results associated with evidence in the literature®>
demonstrate a possible association between HF and vestibular
hypofunction in this study. Even though the patients had
cardiovascular compensation, they had vestibular complaints
and abnormal body balance results in some clinical tests, which
were confirmed with vHIT. Moreover, the various comorbidities
associated with HF, along with the various drugs taken to
control the disease, may have helped maintain the peripheral
vestibular dysfunction.

There is a need for studies with larger samples and other
procedures to assess various vestibular system structures, besides
imaging tests, such as carotid ultrasound, angioresonance, or
angiotomography, which would contribute to a differential
diagnosis of cases associated with other diseases, such as HF.

CONCLUSION

No association was found between the results of clinical
body balance assessment and vHIT findings (gain, asymmetry,
and saccade occurrence) and advancing age in HF patients.
However, there was a difference in VOR gain, specifically
for some SCCs, with higher indices of abnormal results in the
dynamic balance test in both groups.

The results of VOR gain, symmetry, and compensatory
saccade parameters in VHIT, analyzed along with the other
clinical balance tests, characterized the predominance of chronic
peripheral vestibular hypofunction in HF patients, regardless
of their age group.
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