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Lateralization for central auditory processing (CAP) with dichotic digits recognition (DDR) test
is believed expression of hemispheric dominance. Multiple sclerosis (MS) is considered an in-
flammatory and autoimmune alteration of central nervous system (CNS). Hearing alterations in
MS and their role in CAP has not been well studied. A patient with MS and new kind of altera-
tion in lateralization of CAP with DDR test is presented. A 53 year of age female with MS of 16
years of evolution, nine of them remained asymptomatic. She has a persistent advantage of
the right ear for DDR test; but other monaural tests showed predominance of the left afferent
pathway. Brainstem auditory evoked potentials (BAEPS) and long latency auditory evoked po-
tentials (LLAEPs) showed adequate right response with deficits in organization of left response
in BAEP, and N2 wave. In the contrary direction of previous publication, we disclosed advan-
tage for DDR test, BAEP, and LLAEP in the right ear. We observed no left ear suppression;
with predominance of correct left percentages in monaural psychoacoustics tests. We must
keep on searching to find pathophysiological meaning of predominant of right or left auditory
laterality as a CAP disorder in patients with MS. J Audiol Otol 2020;24(1):48-52
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Introduction

Over the last decades, many authors have demonstrated
several central auditory processing disorders (CAPD) in
multiple sclerosis (MS) [1,2]. However, it is important for
academic and research purposes to continue searching for
CAPD features in cases of MS in routine hospital examina-
tions because of its wide clinical variation.

In a previous report, we described differences in auditory
lateralization with the dominance of left-sided stimulation in
the dichotic digits recognition (DDR) test in patients with
MS [3]. However, in the case reported here, we found the
opposite behavior; a dominance of right-sided stimulation in
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DDR, in addition to better organization and shorter latencies
in neurophysiological recordings. For this reason, we decid-
ed to communicate these results through this case report.

MS has garnered attention from many different view-
points. We understand much regarding its pathophysiology,
diagnosis, therapeutics, and rehabilitation. MS is considered
an inflammatory and immuno-mediated alteration of the cen-
tral nervous system (CNS) [4]. Many reports have given par-
ticular importance to cognitive alterations in MS, searching
for injuries in the white matter of cortical and nuclear struc-
tures, and the formation of abnormal neural connections, ac-
cording to the different clinical types of MS and their influ-
ence on higher cerebral functions, such as auditory perception
and working memory, among others [5,6].

The DDR test includes four types of answers: left, right,
mixed, and omissions. The total score for the test is obtained
from the summation of each type of response and has a max-
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imum of 30 points [7,8].

Lateralization for CAP in the DDR is believed to be the
expression of dominant hemispheric auditory function. Thus,
the dominance could be left, right, or mixed. The mixed type
in the DDR test is selected if left or right responses have the
same scores or is predominant itself [8].

Our method for studying CAP included psychoacoustics
verbal and non-verbal tests for Spanish-speaking individuals
developed at the National Institute of Rehabilitation (INR) and
the National Autonomous University of Mexico (UNAM),
and have been described elsewhere [3,7,8]. Methods are
based on the Bellis model that classifies processing domains
alterations as follows: predominantly of the left hemisphere,
predominantly of the right hemisphere, of inter-hemispheric
relationships, and from the brainstem; the other two types of
alterations are those related to attention and receptive lan-
guage.

In the present case report, we analyzed results from the
same psychoacoustics tests in a subject with MS who was
not included in the previous report. The patient information
was documented in her clinical reports. The second CAPD

Table 1. Clinical outcomes of the patient
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examination disclosed important alterations in the DDR test,
neurophysiological recordings, and neuroimaging studies.
Based on the DDR alterations, we propose a close relation-
ship of the DDR test with electrophysiological lateralization
anomalies [7,8].

Case Report

A 56-year-old woman, who works as a store seller, first
experienced symptom onset 16 years previously in a first at-
tack that altered tactile sensation in her legs. She was diag-
nosed with MS and treated accordingly at the Mexican Insti-
tute of Social Security and at the INR (Table 1).

The case was studied in the CAPD laboratory in 2011 and
2014. Our study protocol for patients with MS has not
changed since the previous publication [4]; however, the
method now includes recording of long latency auditory
evoked potentials (LLAEPs).

In the interview conducted at 2011, she reported stable tin-
nitus and bad auditory discrimination since 2010; however,
audiograms were normal for both ears. She had a phonemic

Examined function/Procedure Tests

Results

Audiological/Examination Pure tone audiometry
Speech audiometry
Tympanogram
Acoustic reflex
Ocular saccades
Evoked nystagmus
Pendular tracking
Optokinetic test
Dix-Hallpike

Thermal test

Otoneurology/

Videonystagmography (2009)

Hand
Ear

Laterality/Questionnaire

Central auditory processes tests/Battery
DDR
Monaural tests

st appointment (2011):

Normal range

Normal range

Right: As; Left: A

Right: absent at ¢500 Hz; Left: normal
Dysmetry

In all directions, but downward or primary position
Added nystagmus

Right: preponderance

Right: nystagmus to right fraction
44% Right-preponderance

38% Left-paresis

Right

Right

Right ear advantage
Normal

2nd appointment (2014):

DDR
Monaural fests

Electrophysiology (2014) BAEP

LLAEP

Neuroimaging MRI 2009 and 2011

Right ear advantage

Left mild advantage

Left: bad defined morphology

Left: retard of waves |, Il, and V latencies

Right: mild HII retard

Left: retard of N2 wave (246 ms)

T1, oval images, regular edges, hyperintense,
periventricular location. Some cortical lesions, and
in mesencephalon peduncles and pons

c¢500 Hz: confralateral reflex at 500 Hz, DDR: dichotic digit recognition, BAEP: brainstem auditory evoked potential, LLAEP: long lo-

tency auditory evoked potential
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Fig. 1. Results from the studies of psychoacoustics tests-central auditory processes in the two appointments from the case reported.
Each box of each column presents the percentage of successes for each test [divided for right (R) and left (L) ear responses]. The left
panel (A) shows an adequate result, but right ear advantage in the dichotic digit recognition (DDR) test (2011). The right panel (B) shows
poor results, especially in the DDR (2014). Gray area suggests optimal responses. MLD: masking level differences, BF: binaural fusion, FW:
filtered words, CW: compressed words, WN: words in noise, FPR: frequency pattern recognition, ES: environmental sounds, MT: music

test, M: mixed respoonses, O: omissions.

discrimination deficit, poor sound localization, mixed dysar-
thria, walking instability with a tendency to fall, and memory
disorder (Table 1).The first CAPD study found no significant
alterations; she only had a slightly higher percentage of cor-
rect answers for DDR test for the right ear (Fig. 1). The study
was repeated in 2014 with the same symptoms and persistent
tinnitus. Three of four monaural tests showed a dominance
of left ear processing, with a higher percentage of successes
for the left ear, and a similar profile in the frequency pattern
discrimination test. In contrast, the DDR test found a higher
percentage of correct answers for the right ear relative to
2011 (Fig. 1).

In brainstem auditory evoked potentials (BAEPs) from the
right ear, we observed a mild retardation in interwave inter-
val I-II1, and the left ear response presented bad morphology
definition and retarded latencies. We also found a retardation
of the left N2 wave in LLAEP (Fig. 2). In this case, the re-
sults suggest an alteration of the left auditory pathway, prob-
ably involving structures connecting temporo-frontal areas, the
limbic system, and subcortical thalamic-reticular areas (Fig. 3)
[5,7-14], with better function of the right ear in the DDR test,
BAEP, and LLAEP.

Discussion

Main findings and explanations

The case report here was selected among hospital record-
ings from the Laboratory of Central Auditory Processes Al-
terations in 2011 and 2014. The diagnosis of MS was con-
firmed in two neurology departments of tertiary institutions.
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This case is of particular interest because it shows a different
result from a previous report, which suggested left ear domi-
nance following stimulation in patients with MS, especially
in the DDR test. In the case reported here, the DDR test
found a dominance of the right ear.

The DDR test provides information related to the laterality
of auditory perception. Nowadays, auditory laterality is con-
sidered an expression of basis that is not totally understood
[10,11]. These facts highlight the particular interest in shar-
ing the results from this case report. The pathophysiological
description of MS ranging from imaging, to clinical and evo-
lutionary studies have identified the basic criteria of the dis-
ease as being heterogeneous alterations. Thus, it is valid to
propose that psychoacoustics tests may show several charac-
teristics, some of them not previously described, and that de-
serve publication, such as the case reported here.

Relapsing-remitting MS results in a fair model of brain
plasticity. Symptoms established in attacks are an expression
of neurological alterations; in the next phase, alterations
show recovery. However, gradually, the system loses effi-
ciency in recruiting neural networks and the recovery of
brain functions. Another relevant fact is the alteration of con-
nectivity as a pathophysiological feature of the disease [6].

The DDR test may show alterations in auditory laterality,
even in groups of subjects without evident neurological al-
terations, such as those with dyslexia [7]. Our laboratory has
DDR test result data from many developmental alterations in
children and adults such as in peripheral hearing loss, audi-
tory agnosia, and temporal lobe alterations. Similar findings
were reported by Martin and Jerger [11] in elderly adults and
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Fig. 2. Electrophysiological tests. | » }"
(A) Brainstem auditory evoked po- \/} 4 1 f

tentials recordings with clicks at 80
dB, performed in 2014. Left ear with
weakly defined wave morphology
(upper traces), right ear response
with mild retardation in the latency of
inter-wave interval |-l (middle and
lower traces). (B) Long latency au-
ditory evoked potentials, upper trac-
es with significant retardation of the || A"
N2 wave (marked in the traces). |

b
- . T "m, Jo 4
” "‘- ¥ \ et WY ¥ v 5
(LT ’ L " e
\% N1 T N2 =
_ (LAY ' & T e
i v P il |\
| - ’ .y '
trmm | BT X oy =X ..f T v
1| ) EarTe
Trves S
o S
el g T 3 T
toos | : - Cparye
— ) N1 " Pl =
v 3 . . r N2 - BT
v l = — ey
T ST
v SO
z Frvve| v
7 — wis | B e

Fig. 3. T1-weighted image with hyperintense oval images with
regular edges in the deep white matter, and semi-oval centers in
both hemispheres from the patient studied here.

Hendler, et al. [12] in MS.

The clinical expression in the case reported here may raise
questions and controversies regarding the Kimura hypothesis
of laterality and predominance of excitatory afferents cross-
ing toward the mesencephalic level and later to the auditory
cortex. We expect that the alterations that were initially man-
ifested in BAEP on left-sided stimulation, later made plastic
changes in the superior olivary complex that would manifest
as a right-sided dominance. In this case, in the BAEP study,
some waves were less organized and showed increased wave
latencies that were always on the left side; however, we also
observed mild retardation of the right I-11I interval interwaves.

Reinforcement of right-sided auditory responses was ob-
served in ageing adults and has been related to functional de-
ficiencies in the corpus callosum. This happened when the
left auditory pathway, which sends information to the right
hemisphere for temporal processing and fine tuning though
the corpus callosum to the left hemisphere was injured, and
also explained the specific information needed for the articu-
lation pattern following the McGettigan phonetic proposal
[9-11]. In this case, although electrophysiological studies are
important to identify alterations in the right-sided auditory
pathway, there is no functional evidence of effective crossing
of auditory information.

Other related studies

In the medical literature, the relationship between laterality
and hemispheric function has been studied, but in fewer re-
ports than the relationship between laterality onset from the
brainstem to throughout the cerebral hemispheres. In recent
decades, the relationship between cochlear receptor damage
and features of hemispheric processing of auditory informa-
tion has been studied. Tateya, et al. [13] used bad vs. good
perception of words, and studied subjects with moderate
hearing loss using positron emission tomography. Bad per-
ception words activated the bilateral temporal lobes, inferior
frontal gyri, and left angular gyri, with poor ipsilateral acti-
vation of the temporal lobe and left angular gyri. The authors
established a close relationship between insufficient ipsilat-
eral activation of the temporal lobe with respect to the stimu-
lated side with poor word comprehension performance.

Bergman, et al. [14] studied inter-hemispheric suppression
after brain injury, head trauma, and stroke. They used sen-
tences with auditory competence as a dichotic test. The com-
petence sentence exceeded target stimulus intensity and
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evoked frequent alterations in short-term memory when pre-
sented to aging adults. Two groups of subjects with hearing
thresholds near to normality between 500—2,000 Hz aged
60—065 years were studied. They had a 20% inter-aural differ-
ence in psychoacoustic tests, which was considered represen-
tative of inter-hemispheric suppression. Observations were
made of 34 patients with well-localized brain injury. Right
hemisphere injury manifested frequently as complete sup-
pression of contra-lateral perception (left side) using a con-
tra-lateral competence. Left hemisphere brain injury pre-
served any right-sided advantage [14]. However, it was hard
to exclude the possible effects of attention affecting left-sid-
ed suppression.

In one case report, a patient with MS was studied pre/post-
treatment with cortico-steroid therapy. Authors reported BAEP
abnormalities and auditory middle latency response evoked
bilaterally, with significant right-sided dominance, and altera-
tions in one of two psychoacoustics tests. The results were sug-
gested to be due to specific brainstem lesions [15].

In our study, we also had an interest in explaining the elec-
trophysiological dominance for the right ear, evident from
the first structures of the auditory pathway. We highlight that
psychoacoustic mono-aural tests do not show a left-exclud-
ing feature; however, the binaural fusion test, which is also a
dichotic test, is near to the exclusion criteria, such as the fre-
quency pattern recognition test. These tests, however, show
exclusion for the right ear and advantage for the left ear.
These data raise the following question: is the right afferent
evident in the DDR test, BAEP, and LLAEP a manifestation
of constant ipsilateral reinforcement or does this right-sided
ipsilaterality influence the possible exclusion observed in the
right-sided monaural tests with dominance of processing in
the left hemisphere?

Auditory central process examinations in one patient with
MS disclosed an advantage for the right ear in the DDR test,
which was associated with left ear BAEP and LLAEP altera-
tions. Alterations damage auditory perception and may alter
other cognitive functions, such as attention and memory. We
must continue searching to find the pathophysiological mean-
ing of CAPD and auditory evoked potentials and their rela-
tionships in more patient with MS.
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