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Abstract: Background: Spatial memory is a cognitive process that allows us to locate ourselves in space based on visual
references. Vestibular signals reaching the hippocampus from the vestibular nuclei have an important role in building this
process. Vestibular conditions could affect this cognitive process. Meniere's disease is a chronic internal ear disease that causes
impairment of hearing and vestibular function Objective: To determine the relationship between Meniere's disease and spatial
memory in patients who attend the Anglo American clinic between 2016 and 2018. Specific objectives are: 1) identify patients
with Meniere's disease and 2) assess spatial memory in these patients. Design. It is a cross-sectional correlated analytical study,
where two groups were evaluated: a) with Meniere's disease and b) without Meniere's disease, comparable in age and sex. As a
student T test statistic for mean difference in independent samples, considering equal variances. Methodology: Hearing and
vestibular functions were evaluated, and Morris' virtual test was used to measure spatial memory. Four indicators were
measured in the latter: time, percentage, distance and angle. Results: Group with Meniere's disease: N = 76, 38 males and 38
females, average age of 44.21-10 years; Meniere's disease-free group: N = 76, 38 males and 38 females, average age of 43.85-
10. Comparing spatial memory between the two groups found a statistically significant difference (p < 0.000) in favor of
Meniere's disease-free group in the four indicators. Within the group with Meniere's disease, spatial memory was evaluated
according to the stage, without any significant difference between the different stages for the time indicators (p = 0.334),
percentage (p = 0.659), distance (p = 0.955) and angle (p = 0.916). As for vestibular function, in which there was unilateral
vestibular deficit, when compared to the Meniere's disease-free group, there was significant difference (p < 0.000) in the four
indicators. The worst results were in those who had bilateral vestibular deficits. Conclusions: The group with Meniere's disease
had poor spatial memory when compared to Meniere's disease-free group. The greatest commitment to space memory was in
subjects with bilateral vestibular deficits.
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destination, allows to encode, store and retrieve learned
information about spatial locations. Studies on spatial
cognition have a variety of origins, the behavioral psychologist
Edward Tolman in 1948 introduced the term "cognitive map"
in his publication Cognitive maps in rats and men [4]. Rats
with hippocampal damage performed poorly on spatial
memory tasks and assumed that it was due to loss of the neural

1. Introduction

Meniere's disease is a chronic disease of the inner ear,
characterized by the presence of auditory symptoms such as
fluctuating hearing loss, tinnitus and aural fullness, and
vestibular symptoms such as vertigo and instability. The
prevalence data are very variable, in Japan the prevalence is - g ) v ’
from 16 to 17 per 100 000, in Ttaly 8.2 per 100 000, while in the ~ System that provides the animal with a cognitive or spatial map
USA a prevalence of 218 per 100 000 [1]. Has been reported ~ ©f its environment [S]. It is the hippocampal "place cells" that
report highly variable prevalence rates, from 3.5 to 513 per  ° part of this integrated neural system for spatial navigation

100’000 [2] In another Stlldy the prevalence is 0.2% [3] [6] It was pI'OpOSGd that 1earning and memory were suppprted
by two systems: a local system dependent on an intact

Spatial memory is a cognitive process that allows living ; - - ¢
hippocampus that supports cognitive mapping (learning about

beings to locate themselves in space and reach a certain
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the spatial relationships between signals), and a taxonomic
system not confined to the hippocampus that supports
stimulus-response learning or habitat learning [7].

In humans there is evidence that spatial orientation is linked
to the hippocampus. The spatial memory process has three
types of activities: guide signals, which depend on visual
recognition memory, not location memory; cognitive mapping,
which is the internal representation of spatial information
which facilitates allocentric memory (the ability to determine
spatial location independent of the body axis); and the
integration of the pathway, which allows to update the relative
position based on the perception of movement [8]. The "place
cells" located in the hippocampus, responsible for the spatial
location, are fed by vestibular inputs, and when the temporary
inactivation of the vestibular system hapens this led to the
disruption of the specific localization discharge of the "place
cells" of the hippocampus and the head direction cells [9]. The
otolytic vestibular and semicircular canal signals are integrated
at the central level, modulating the "place cells" and "head
direction cells" in the hippocampus, which has an important
role in the coding and evocation of spatial memory [10, 11].
Vestibular information is processed in the hippocampus and
the loss of vestibular input to the hippocampus interferes with
the processing of internal self-movement signals with external
ones that occur as a result of body movement [12]. Has been
experimentally demonstrated that vestibular information
modulates hippocampal activity for spatial processing and
place cell discharges, by stimulating with high-frequency
electricity specific vestibular sensory regions of the right
labyrinth in guinea pigs, which induced evoked potential in
bilateral hippocampal formation [13].

The vestibular system also influences the ability to
perform certain cognitive processes, which can be evidenced
in patients with vestibular deficits who have cognitive
deficits as a result of this vestibular disorder, such as poor
concentration and short-term memory loss [14]. Peripheral
vestibular impairment not only compromises the spatial
cognitive field, but also other non-spatial skills such as
attention, language, immediate memory, late memory [15].

The progressive nature of Meniere's disease causes many
patients to have significant vestibular impairment, as well as
poor quality of life as a result. The objective of this research is
to evaluate spatial memory in patients with Meniere's disease.

2. Materials and Methods
2.1. Study Design

This is a cross-sectional analytical study conducted at the
Anglo American Clinic in the city of Lima, Peru, in patients
with Meniere's disease treated in the Otolaryngology office
in the years 2016 to 2018, and a group of patients who came
who did not have Meniere's disease who were the control
group. Patients with Meniere's disease and those in the
control group were invited to participate, and signed the
informed consent. There was authorization from the Ethics
Committee of the institution: CIEI-CAA-497/2015.

2.2. Study Subjects

The diagnostic criterion of Meniere's disease formulated
by the Classification Committee of the Barany Society of
2015 [16] was used. We included patients with Meniere's
disease of both sexes, aged between 20 and 60 years, with a
degree of instruction of at least high school and with basic
knowledge of the use of computers. Those who had
pathology of the central nervous system such as tumors,
degenerative diseases, sequelae of severe infarction,
Parkinson's were excluded; cognitive function impairment,
such as dementia; history of alcoholism; important visual
pathology: monocular or total blindness, glaucoma, retinal
detachment and findings of central vestibular involvement in
the oculomotor battery of the vestibular test.

2.3. Hearing Assessment

Tonal audiometry was performed with a Madsen Itera II-
Otometrics audiometer, with the evaluated one inside an
audiometric booth. Pure tones of frequencies 0.25, 0.5, 1, 2, 3,
4, 6 and 8 KHz were administered through two headphones.
The evaluated had to identify the sounds he heard and an
auditory average was made using the auditory level of the
frequencies 0.5, 1, 2 and 3 KHz. With this value, patients
with Meniere's disease were grouped into stages: I, < 25 dB;
II, 26-40 dB; III, 41-70 dB and IV, > 70 dB. In cases of
bilateral Meniere's disease, the higher auditory level of both
ears was taken.

2.4. Vestibular Assessment

An Interacoustics videonystagmograph was used. Thermal
stimulation in the ears with air at 28°C and 48°C was
performed with an air irrigator (AirFx- Interacoustics),
postcaloric nystagmus was recorded. This stimulation was
alternate, starting with 48°C in the right ear, then in the left at
the same temperature, to follow with 28°C in the left ear and
ending in the right at 28°C. Three minutes elapsed between
each stimulation. The speed of the slow phase of nystagmus
was measured, in degrees per second of angular velocity.
Vestibular deficit was considered if the sum of the velocity of
post-caloric nystagmus per ear, both in stimulation at 28° and
48°C, was <5°/second. Values greater than this were
considered normal. It was defined as unilateral vestibular
deficit if it only occurred in one ear and bilateral if it was in
both ears.

2.5. Spatial Memory Assessment

The Virtual Morris Water Maze (VMWM) test was used,
in which participants observed a computer environment
where they had first-person perspective and could navigate
using the right-left-forward keys of the laptop. The virtual
environment was designed in such a way that the participant
felt immersed in a square-shaped room in the center of which
is a circular pool. On each wall was a visual sign that served
as a reference. In one of the pool quadrants is a square
platform that occupies 2% of the pool area. The task
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consisted of moving along the pool until you find the
platform, which at the time of the test is invisible, for this it
is necessary to make use of the visual signals that serve as a
reference. Ten trials were conducted each with four
repetitions, six of these trials were with non-visible platform
and in four yes. Each test lasts up to one minute and ends
when the platform is found, once found, the process is
restarted, but with the start at another point in the
environment. The platform was always in the same place.
The participant had to remember the location of the platform
not visible. The whole test takes about thirty minutes. Four
spatial memory indicators were measured: (1) "time", this is
the time it took to find the platform, (2) "distance" is the
distance traveled to find the platform, (3) the "angle" is the
angular deviation of the straight-line path to the platform
measured one second after the movement has begun, and (4)
the "percentage" is the percentage of the total path that passes
in the quadrant of the platform. The "time" was expressed in
seconds, the "distance" traveled was measured as the ratio of
the route between the diameter of the pool, the "angle" in
degrees and the "percentage" as the percentage of the time
that the evaluated remained in the quadrant where the
platform was located. In this test, the ability to remember the
location of a platform in a pool was evaluated. In a good
spatial memory there is less "time", less "distance", smaller
"angle" and greater "percentage".

2.6. Statistical Analysis

The Kolmogorov-Smirnov normality test was applied to
verify if the data presented a normal distribution, in case of
normal distribution "t" test will be used for independent samples
considering equal variances, otherwise the Wilcoxon test.
Descriptive statistics were performed for the presentation of the
characteristics of the two groups applying summary measures:
Mean and standard deviation or median and interquartile range
if the distribution is not normal. With a o= 0.05.

3. Results

In order to evaluate the relationship between spatial
memory and Meniere's disease, two groups were studied: 1)
Group with Meniere's disease, N = 76, 38 women and 38
men, aged 44.21+10 and 2) Group without Meniere's disease,
N =76, 38 women and 38 men, aged 43.85+10. There was no
significant difference in age in both groups (t=0.2219,
p=0.8247) (Table 1).

In the group with Meniere's disease, the following were
evaluated: a) auditory function, in which the auditory average

was determined and grouped into stages; b) vestibular
function, in which patients with vestibular function deficit
were identified as those in whom the rate of post-caloric
bitermal nystagmus < 5°/second (Tables 2 y 3).

When comparing the means of the four indicators between
the groups with Meniere's disease and without Meniere's
disease, a statistically significant difference was found in
these indicators (Table 4).

The stages of Meniere's disease were grouped into two
groups, which were compared with each other, without finding
a statistically significant difference between them (Table 5),
but when compared independently with the group without
Meniere's disease there was a difference (Tables 6 y 7).

Regarding spatial memory and unilateral vestibular deficit,
there was a significant difference when compared with the group
without Meniere's disease (Table 8). Because only 8 patients with
Meniere's disease had bilateral vestibular deficit, which does not
allow a statistical analysis, but the values of the indicators are
different: "time"=25.41+7.66, "percentage"=43.29+7.98,
"distance"=1.69+0.63 and "angle"=30.50+12.37.

Table 1. Characteristics of groups with Meniere's disease and without
Meniere's disease according to age and sex. Anglo American Clinic, 2016-
2018.

Meniere’s disease Non-Meniere’s disease

Age Men ‘Women Men ‘Women
20 -30 6 4 6 5
31-40 7 11 8 11
41-50 13 10 12 10
51-60 12 13 12 12

38 38 38 38
X +SD 44.21£10 43.85+10

Table 2. Stage of Meniere’s disease. Anglo American Clinic.2016-2018.

Meniere’s Disease

Stage n %

I 2 3

I 17 22

11 42 55

v 15 20
76 100

Table 3. Vestibular Function in Meniere’s Disease Group. Anglo American.
Clinic. 2016-2018.

Meniere’s Disease

Vestibular Function n %
Unilateral vestibular deficit 30 39
Bilateral vestibular deficit 8 11
Non-vestibular deficit 38 50
76 100

Table 4. Spatial Memory Between Meniere’s Disease and Non-Meniere's Disease Groups. Anglo American Clinica. 2016-2018.

Spatial Memory Meniere’s Disease Non-Meniere’s Disease T-test

Indicators Mean SD Mean SD Mean Difference  t-test gl Sig (bilateral)
Time' 25.19 9.41 18.06 6.89 7.13 5.335 150 0.000
Percentage 46.25 8.66 57.62 8.72 -11.38 -8.07 150 0.000
Distance 1.42 0.44 1.12 0.35 0.30 4.642 150 0.000

Angle? 25.02 9.34 15.09 7.31 9.93 7.295 150 0.000

SD: Standar deviation 1: Time in seconds 2: Angle in grades.
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Table 5. Spatial memory between stages I-II and III-1V in Meniere’s Disease Group. Anglo American Clinic. 2016-2018.

98

Spatial Memory Stage I-1I (N=19) Stage III-1V (N=57) T-test
Indicators Mean SD Mean SD Mean Difference  t-test gl Sig (bilateral)
Time' 23.37 9.52 25.80 23.37 -2.42 -0.972 74 0.334
Percentege 45.48 9.82 46.50 45.48 -1.02 -0.443 74 0.659
Distance 1.41 0.40 1.42 1.41 -0.01 -0.057 74 0.955
Angle? 25.22 9.35 24.95 25.22 0.26 0.105 74 0.916

SD: Standar deviation 1: Time in seconds 2: Angle in grades.

Table 6. Spatial Memory between stages I-II and Non-Meniere's Disease Group. Anglo American Clinic. 2016-2018.

Spatial Memory Stage I-11 (N=19) Non-Meniere’s Disease T-test
Indicators Mean SD Mean SD Mean Difference t-test gl Sig (bilateral)
Time' 23.37 9.52 18.06 6.89 5.32 2.776 93 0.007
Percentege 45.48 9.82 57.62 8.72 -12.14 -5.292 93 0.000
Distance 1.41 0.40 1.12 0.35 0.29 3.180 93 0.002
Angle? 25.22 9.35 15.09 7.31 10.12 5.017 93 0.000

SD: Standar deviation 1: Time in seconds 2: Angle in grades.

Table 7. Spatial Memory between stages I1I-1V and Non-Meniere's Disease Group. Anglo American Clinic. 2016-2018.

Spatial Memory Stage III-1V (N=57) Non-Meniere’s Disease (N=76) T-test

Indicators Mean SD Mean SD Mean Difference  t-test gl Sig (bilateral)
Time' 25.80 9.37 18.06 6.89 7.74 5.491 131 0.000
Percentege 46.50 8.31 57.62 8.72 -11.12 -7.423 131 0.000
Distance 1.42 0.45 1.12 0.35 0.30 4314 131 0.000

Angle? 24.95 9.26 15.09 7.31 9.86 6.863 131 0.000

SD: Standar deviation 1: Time in seconds 2: Angle in grades.

Table 8. Spatial Memory between Unilateral Vestibular Deficit in Meniere's Disease Group and Non-Menere's Disease Group. Anglo American Clinic. 2016-

2018.
Spatial Memory  Unilateral Vestibular Deficit (N=30)  Non-Meniere's Disease (N=76)  T-test
Indicators Mean SD Mean SD Mean Difference  t-test gl Sig (bilateral)
Time' 27.76 11.14 18.06 6.89 9.71 5426 104 0.000
Percentege 46.01 8.86 57.62 8.72 -11.61 -6.14 104 0.000
Distance 1.51 0.49 1.12 0.35 0.40 4703 104 0.000
Angle? 25.90 8.81 15.09 7.31 10.84 6.480 104 0.000

SD: Standar deviation 1: Time in seconds 2: Angle in grades.

4. Discussion

The objective of the present research was to determine the
spatial memory in patients with Meniere's disease. Two
groups were compared, with Meniere's disease and without
Meniere's disease; both groups are comparable in age and sex.
A quarter of the patients with Meniere's disease were in the
first two stages, while the rest had more advanced stages of
this disease. In a retrospective study in 89 patients, found
figures similar to ours [17]. This in general, because the
initial stages of the disease are usually underdiagnosed, for
several reasons, among them, because the initial symptoms of
the disease are usually auditory and are overlooked by
patients who do not come in a timely manner to medical
attention. However, in a prospective study conducted in
Japan in 90 patients, had different figures in different stages
and, in stage I, had proportionally more patients than in this
study; this difference may perhaps be due to the fact that the
health system in Japan allows early diagnosis [18].

Regarding vestibular function, 50% of patients with

Meniere's disease had vestibular deficit, either unilateral or
bilateral, determined in this study by caloric test. This test is
the most sensitive to detect canal paresis in Meniere's disease
(19). Taking as a reference the asymmetries > 25%, in
different studies the percentages of canal paresis vary from
45% to 76% [17-22]. Fukushima [18] reported the lowest
percentage of vestibular deficit and this may be because in its
sample a significant percentage of patients were in the early
stages of the disease (I-II). As can be seen from the studies
mentioned, there is variability in the percentages of
vestibular deficit found. This study reports vestibular deficit
in 50%, because a significant percentage of patients are in an
advanced stage of the disease.

To evaluate the impact of peripheral vestibular pathology
on spatial memory, the means of these indicators of the group
with Meniere's disease were compared with the group
without Meniere's disease, finding a statistically significant
difference in the means of the values of the four indicators
between both groups. In a study made in Germany where was
used the Morrris Water Maze virtual test to assess spatial
memory showed evidence of deficit in memory and spatial
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learning in chronic bilateral vestibulopathy [23]; this work is
mentioned, despite being more than fifteen years old, because
it is one of the first to address this topic and because the same
spatial memory test has been used, which allows comparison.
Brandt et al [24] evaluated the same population in order to
determine if there was variation in hippocampal volume,
finding that in patients with bilateral vestibulopathy the
volume of the hippocampus was lower than in the controls.
Using the same spatial memory measurement instrument as
in this study, the controls performed better on spatial memory
indicators without becoming statistically significant and no
found changes in hippocampal gray matter volumen [25].
Has been found that reduction in hippocampal gray matter
volume was related to the severity of bilateral vestibulopathy
and that reduction in hippocampal volume was related to
peripheral vestibular impairment [26]. In this study
measuring hippocampal volume was not a goal, however, this
is mentioned to reinforce the concept of the hippocampus as
the axis of spatial memory.

In the relationship between meniere's disease and spatial
memory, patients were gathered into two groups, stages I-I1
and stages III-IV. When comparing both groups individually
with the group without Meniere's disease, statistically
significant difference was found in all indicators (tables 6 y
7). When both groups were compared with each other, there
was no statistically significant difference in the four
indicators, but there was a difference in the mean of the time
indicator between stages I-II and III-IV (Table 5). In an
experimental study in rats that were exposed to noise, in
order to produce sensorineural hearing loss, who were
evaluated spatial memory with the Morris pool test found
that sensorineural hearing loss significantly reduced spatial
learning at various stages of hippocampal neurogénesis [27].
Although patients in stages III-IV should be more
compromised and therefore more impaired spatial memory
compared to the stage I-II group except for the mean of the
time indicator, this is not decisive in the deterioration of
spatial memory in this study.

Because the bilateral vestibular deficit group consisted of
only eight patients, it is not possible to draw exact
conclusions, but when comparing the means of the indicators
"percentage", "distance" and "angle", with the unilateral
vestibular deficit group, greater commitment of the bilateral
vestibular deficit group was observed, especially in the
"angle" indicator. Vestibular deficit, especially bilateral
deficit, was a determining factor in spatial memory
impairment in this population of patients with Meniere's
disease studied. Spatial memory indicators in this study
showed greater engagement than in previous similar studies
[23, 24]; this may be due to the fact that the population of
those investigations was formed by patients who had
undergone bilateral neurectomy for neurofibromatosis type 2
between five to ten years before their study and the protocol
in these surgeries has the obligation to perform vestibular
rehabilitation therapy after the surgical procedure, so as a
result of rehabilitation therapy, compensation occurs at the
central level that provides 60% of the improvement of the

vestibule-ocular reflex [28], and vestibular rehabilitation
therapy improves visuo-spatial work; therefore, patients with
neurofibromatosis type 2 mentioned in these studies, reached
after several years a state of functional stability [29].

Regarding the relationship of vestibular function and spatial
memory, when comparing the unilateral deficit group in
Meniere's disease, with the group without Meniere's disease,
the difference was statistically significant in the four indicators
(table 8). In Meniere's disease the vestibular compensation is
never completed completely, it is a progressive, unstable
disease, with periods of transient compensation and
decompensation, so the spatial memory is more impaired
generating greater spatial cognitive impairment. In a
computational model showed that the neural substrate that
underpins spatial memory is transient and synaptic connections
in the hippocampus never stop forming and deteriorating at a
rapid rate [30]. Seo et al [31] in a study conducted to establish
the relationship between Meniere's disease and hippocampal
volume, found that this was lower than in healthy controls
(p<0.001); his explanation goes beyond the already established
fact that vestibular afferences that start from the vestibular
nuclei feed the hippocampus, since he claimed that chronic
stress due to the unpredictability of vertigo and fluctuating
hearing loss caused stress-related hormones to increase and
this causes atrophy of the hippocampus. This work opens
another possible explanation for the deterioration of spatial
memory in patients with Meniere's disease, chronic stress; both
explanations, the deficit of vestibular signals and chronic stress
go through a common point, the functional deterioration of the
hippocampus.

5. Conclusion

Meniere's disease is a disease of the inner ear in which
there is progressive auditory and vestibular involvement. In
this study most patients were in advanced stages of the
disease. Half had impaired vestibular function. Spatial
memory was impaired in patients with Meniere's disease,
related to the compromise of vestibular function, especially
in bilateral vestibular deficits, and not to the auditory level.
Due to the unstable and progressive nature of this disease for
which adequate vestibular compensation is not achieved, an
important compromise of spatial memory indicators was
evidenced.

6. Recommendations

Investigate the effect of vestibular system conditions on
cognitive processes. Incorporate cognitive rehabilitation
therapy into vestibular rehabilitation therapy to achieve a

comprehensive recovery of patients with vestibular
impairment.
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