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Evaluation of central vestibular syndrome in dogs using brainstem auditory evoked
responses recorded with surface electrodes

[Avaliagdo da sindrome vestibular central em cdes usando respostas evocadas auditivas do tronco
cerebral gravadas com eletrodos de superficie)
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ABSTRACT

The present study aimed to analyse the wave morphology, amplitude, latency, and intervals of the
brainstem auditory evoked responses (BAERs) in dogs with central vestibular syndrome (CVS) recorded
with surface electrodes. Ten dogs with CVS were examined by mono- and binaural stimulation, using the
Neuropack electrodiagnostic system, with stimulus intensities of 90 dBSPL. BAERs examinations
revealed morphological changes of waves I, II, III, and V and decreased amplitudes of all waves in 7/10
dogs. P values obtained were = 0.014 for wave I amplitude, 0.031 for II, and III and 0.032 for V.
Comparing the latencies of waves I, II, III, and V generated by right and left monoaural stimulation in
dogs with CVS, we did not observe significant differences (P>0.05). No statistical differences were
observed for BAERs latencies of the waves recorded after binaural and monaural stimulation (left or
right). As far as we know, this is the first study of BAERs using surface electrodes, obtained from dogs
with CVS.

Keywords: dog, brainstem auditory evoked responses, electrophysiology, central vestibular syndrome,
surface electrodes

RESUMO

Este estudo destina-se a andlise da morfologia, da amplitude, da laténcia e do intervalo das ondas das
respostas evocadas auditivas no tronco cerebral (BAERs) em cdes com sindrome vestibular central (CVS)
registrados com eletrodos de superficie. Dez cdes com CVS foram examinados por estimula¢do mono e
binaural usando um sistema de eletrodiagnostico Neuropack, com intensidade do estimulo de 90 dBSPL.
Os exames BAERs relevaram alteragcoes morfologicas das ondas I, II, IIl e V, bem como baixas
amplitudes para todas as ondas no caso dos 7/10 cdes. Os valores de P obtidos foram = 0.014 para
ampitude da onda I, 0.031 para a Il e 0.032 para a V. Compararam-se as laténcias das ondas I, I, [l e V
geradas pelo estimulo monoaural direito e esquerdo em cdes com CVS e ndo foram constatadas
diferencgas significativas (P>0.05). Igualmente ndo foram observadas diferencas estatisticas no caso das
laténcias BAERs no que diz respeito as ondas gravadas depois de estimulos binaural e monoaural
(esquerdo ou direito). Pelo que ¢ de conhecimento dos autores da presente pesquisa, este é o primeiro
estudo sobre BAERs usando eletrodos de superficie obtidos em cdes com CVS.
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INTRODUCTION

BAERs is the most used electrophysiological test
in veterinary medicine to evaluate the normality
of the auditory system (Besalti et al., 2008;
Cvejic et al., 2009, Colson et al., 2012). BAERs
are the electrical activities generated from the
activation of the statoacoustic nerve, cochlear
nucleus, tracts and nuclei of the lateral lemniscus
and inferior colliculus (Wilson and Mills, 2005).
In the first 10 miliseconds (msec) after each
stimulus, clinical stimuli delivered to one or both
ears evoke up to seven submicrovolt positive
waves. The waves are marked in roman numbers
from I to VII (Luttgen, 1994; Biacabe et al.,
2001; Webb, 2009; Palumbo et al., 2014).

Vestibular diseases (VS) are common in dogs
and may result from a lesion in one of the
vestibular components (either the peripheral or
central) (Steiss et al., 1994; Poma et al, 2008).
The clinical signs are represented by head tilt,
falling, leaning, rolling, circling, nystagmus,
strabismus and ataxia, alone or combined
(Wilson and Mills, 2005).

In peracute clinical presentation of vestibular
syndrome it is difficult to conclude if the clinical
signs are the expression of a lesion in the
peripheral or central part of the wvestibular
system. Those cases are characterized by a
severe ataxia associated with inability to walk.
On the other hand, in some cases the lesions are
characterized by a slow chronic progressive
development. In such situations, the patients had
no nystagmus and normal proprioception. Also,
it is possible to have a peripheral lesion which
can develop into a central one.

Usually, the aetiology is different in CVS
comparing with the peripheral vestibular
syndrome (PVS). PVS is usually associated with
otitis media/internal, idiopathic  vestibular
syndrome, ototoxic drugs and hypothyroidism
and CVS with encephalitis, brain tumours,
vascular infarctions, and metronidazole toxicity
(Wilson and Mills, 2005).

Recording methodology of the BAERs became
crucial in establishing which component of the
VS is affected. Usually, in veterinary medicine,
BAERs are recorded by needle electrodes
comparing with human medicine where surface
electrodes are preferred. In another study done
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on animals with CVS, BAERs recorded with
needle electrodes showed that there is an
increase in central wave latencies comparing
with the control (healthy) group (Steiss et al.,
1994). Till now there are only few studies
performed in animals using surface electrodes
(Jost et al., 1994; Musteata et al., 2013). In those
studies the wave’s morphology was preserved
but the latencies were lower than those
previously obtained with needle electrodes
(Steiss et al., 1994, Cauzinille, 1997).

The goal of this study is to analyse the waves’
morphology, amplitudes, latencies and intervals
of the BAERs in dogs with CVS recorded with
surface electrodes.

MATERIALS AND METHODS

Ten dogs with CVS were selected for the study.
The study was conducted at the Faculty of
Veterinary Medicine, Department of Clinical
Sciences, Internal Medicine (Neurology), and
was performed in accordance with the guidelines
and upon approval of the Animal Care
Committee of the University of Agricultural
Sciences and Veterinary Medicine, Iasi, Romania
and Ethical Council of the University
(659/01.10.2012). Each dog showed vestibular
signs of CVS deficit: falling, torticollis, head tilt,
vestibular ataxia, and positional strabismus,
alteration of consciousness and proprioceptive
sensitivity of the forelimbs. Patients were of
mixed breeds, both sexes, aging between three
and eleven years.

The diagnosis was made on the basis of
anamnesis, clinical appearance, and was
confirmed by imagistic examinations (MRI, CT,
radiology, and ultrasonography) and BAERs test.

To exclude the systemic conditions (liver and
kidney diseases or metastatic neoplasia), in all
patients a radiographic evaluation (tympanic
bulla and thoracic cavity) and abdominal
ultrasonography examination was performed.

Each patient was tested by BAERs. The
electrophysiological evaluation was carried out
with the Neuropack S, MEB 9400K
electrodiagnostic system (Nihon Kohden, Japan)
in the auditory brainstem response program
(ABR). Examination was done under sedation
with medetomidine hydrochloride (Domitor,
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Pfizer, Finland) in a dose of 30pg/kg, inj. i.m.
The dogs were positioned in sternal recumbency
on a padded table in a sound-attenuated room.

The waves were recorded with circular surface
electrodes. The active electrode was placed at the
vertex, the negative electrodes just rostral to the
opening of the ear canal and the grounding
retrooccipitally, on the median line. The area on
which the electrodes were placed was trimmed,
degreased with Skin Pure NIHON KOHDEN and
covered with special adhesive paste (EEG Paste
Elefix® NIHON KOHDEN).

Impedance of electrode was kept below 5Q.
Alternating click stimuli of 0.1ms were issued by
an audio headset type device inserted into the
auditory channel. Monaural and binaural
stimulation were performed at the intensity of the
stimulus of 90dB SPL (decibel sound pressure
level). Contralateral ear was masked with pure
white noise 40dB below that of BAERs stimulus.
The sound stimulus was 1000 times repeated and
averaged (Venker-van Haagen et al., 1989),
using a High-cut filter of 100Hz and a Low-cut
filter of 3000Hz (Kawasaki and Inada, 1994;
Arnold, 2007). A minimum of 2 series with 1000

stimuli each were averaged for response
reproducibility, in order to identify any
differences. The average of those two

examinations was considered the final value.
Artefactual data were automatically rejected; the
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Figure 1. A. A three year old Crossbreed dog without neurological manifestations or hearing deficit.
Normal BAERs waves after ear stimulation at an intensity of sound of 90dB SPL. LE= left ear; RE= right
ear and B=binaural stimulation; B. Golden Retriever, 11 years old, male. Presence of multiple discharges.

tests were repeated when rejected waveforms
represented more than 5% of the average.

The results were analysed using the SPSS 20,
Wilcoxon Signed Ranks Test for 2 paired
samples to determine the presence/absence of
statistical differences between the two ears (right
and left) or between an ear (right or left) and
binaural stimulation. The significance threshold
was P<0.05.

RESULTS

In 7/10 dogs, different types of changes (Tab. 1)
in I, I, and III and V waves morphology were
observed: multiple discharges in 3 cases (Fig. 1
B), presence of plateau between waves III-V
plateau in 3 cases (Fig. 2A), absence of waves II-
V (Fig. 2 B) and decreased amplitudes of all
waves (Fig. 3). In Fig. 1A a physiological
BAERS test is shown.

No significant differences between the two
examinations were found (P> 0.05). The values
of wave latencies and amplitudes at 90dB SPL
sound intensities are presented in Tab. 2.

Comparing the latencies of waves L, I, III, and V
generated by right and left monoaural stimulation
in dogs with CVS, we did not observed
significant differences (P> 0.05). No significant
differences were observed for BAERs latencies
of the waves recorded after binaural and
monaural stimulation (left or right).
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Table 1. Signalments, clinical signs and final diagnoses in dogs with CVS

Patients

Clinical signs - presentation

Morphological changes in
BAERs

Final diagnosis

Dog 1. Crossbreed, 8 years
old, male

Dog 2. Golden Retriever, 11
years old, male
Dog 3. Pekingese, 10 year-

old, female

Dog 4. Rottweiler, 5 years
old, male

Dog 5. Pekingese, 3 years
old, male

Dog 6. West Highland White
Terrier, 10 years old, female

Dog 7. Golden Retriever 10
year-old, female

Dog 8. Chihuahua, 6 years
old, female

Dog 9. Caniche, 8 years old,
female

Dog 10. Crossbreed, 6 years
old, male

Ataxia, head tilt to the right,
decreased menace, cervical pain,
disoriented

Seizures, dissymmetry, positional
strabismus

Tremor of intent, head tilt to the
left, no menace reflex right eye,
circling to left

Ataxia , circling, head
tilt, and positional
nystagmus

Seizures, vocalization,
dissymmetry,

circling, blindness, ventrolateral
strabismus

Depression, ataxia, circling, head
tilt, horizontal nystagmus

Depression, head tilt
and circling to right

Seizures, ataxia

Ataxia, left head tilt,
ventrolateral

strabismus, horizontal
nystagmus, dissymmetry

Disorientation, ataxia, right head
tilt, ventrolateral strabismus

Presence of wave I1I-V
plateau

Multiple discharges

Multiple discharges

Absence of waves II-V in left
ear

Presence of wave I1I-V
plateau

Multiple discharges

Presence of wave I1I-V
plateau — left ear and absence
of waves II-V —right ear

Cerebellar tumour

Cranio-cerebral trauma

Stroke

Stroke

Hydrocephalus

Stroke

Cerebellar tumour

Hydrocephalus

Stroke

Stroke

A

B

Figure 2. A. BAERs waves for an intensity of sound of 90dB in dog with CVS eight year old Caniche
female. Presence of a plateau between waves III-V on right ear (RE) stimulation; B. Five year old
Rotweiller male. Presence of wave 1, a significant decrease in amplitude and dispersion of all centrally
generated waveforms, absence of waves II-V on left ear (LE) stimulation and presence of multiple
discharges on right ear (RE) and binaural (B) stimulation.
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Figure 3. BAERs waves for an intensity of sound of 90dB in dogs with central vestibular syndrome.
Three year old crossbreed dog. The amplitudes of waves I-V are lower on right ear (RE) stimulation than

on the left (LE).

Table 2. Latencies and amplitudes of waves obtained for the ipsilateral ear (with lesion) and the
contralateral one (healthy) in dogs with central vestibular syndrome

Ipsilateral ear (with Contralateral ear (normal) P
lesion) (mean =+ SD) (mean + SD)
Latencies (ms)/wave
I 1.09 £0.015 1.11£0.105 >0.05
I 1.97 £0.05 1.97+£0.20 >0.05
11 2.93+£0.083 3.01+0.27 >0.05
\% 3.84 £ 0.020 3.85+0.40 >0.05
Amplitudes (uV)/wave
I 249 £2.18 3.78+2.19 0.014
Il 24+£252 3.89+£2.97 0.031
III 0.61 £1.64 1.96+1.92 0.032
\Y% 1.51+1.25 249 +£1.28 0.032

P< 0.05 — significant differences, P< 0.01 — very significant differences

Comparing the amplitudes of waves I, I, 111, and
V recorded after stimulation of the ipsilateral ear
(affected) with those recorded after stimulation
of the contralateral ear (healthy) significant
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difference in all waves were observed. In all
these situations amplitude of waves from
ipsilateral ears was smaller than contralateral
(healthy) ones (Fig. 4 A, B and 5A, B).

Arg. Bras. Med. Vet. Zootec., v.68, n.6, p.1422-1430, 2016



Evaluation of central...

5.00 5.001

4001 1.0

00
00
o9
3.001 i
LI

AMPLITUDE
(=]
=
T
o oo
-
AMPLITUDE I

2.001
1001 sl
0.00- e
T T Ipsilateral ear Contralateral ear
Ipsilateral ear Contralateral ear (with the lesion) (healthy)
(with the lesion) (healthy) ’
A B

Figure 4. BAERS test performed on dogs with CVS - A. Values of the amplitudes of waves I obtained by
stimulation of the contralateral and the ipsilateral ear to the lesion. B. Values for the amplitudes of waves
I obtained by stimulation of the contralateral and the ipsilateral ear to the lesion.

No significant differences were observed neither after binaural and contralateral ear
comparing the values of the amplitudes of waves (healthy) monaural stimulation, at intensity of
I, II, III, and V recorded after binaural and stimulus of 90dB SPL.
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Figure 5. BAERs test performed on dogs with CVS. A. Amplitudes of waves III obtained by stimulation
of the contralateral and the ipsilateral ear to the lesion. B. Values of the amplitudes of waves V obtained
by stimulation of contralateral and ipsilateral ear to the lesion.

Comparing the values of intervals I-III, III-V, DISCUSSIONS

and -V recorded after the stimulation of the

ipsilateral (affected) ear with those recorded after To the authors’ knowledge, this is the first study
the stimulation of the contralateral (healthy) ear describing BAERSs test using surface electrodes
we did not notice significant differences (P> in CVS in dogs.

0.05). No statistical differences were observed

comparing the values of the intervals recorded Our recorded latencies, amplitudes and the
after binaural and contralateral ear in monaural values of the intervals are lower than those
stimulation. described by Cauzinille (1997), probably as a
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consequence of using surface electrodes (Jost et
al. 1994; Musteata et al., 2013).

The success rate of identifying BAERs
abnormalities in studies that use needle
electrodes varies within very wide limits. Thus,
Oliviera et al. (2012) in a study of 21 dogs with
intracranial lesions found an abnormal BAERs
only in 11 of them (52.38%). Steiss et al. (1994)
recorded 100% BAERs abnormalities in 14 dogs
with confirmed central nervous system lesions.
In our study, 70% of dogs with CVS showed an
abnormal BAERs.

BAERs abnormalities consisted in the presence
of waves III-V plateau, multiple discharges
between waves III-V, absence of waves II-V and
increased amplitudes of all waves, similar to
those discribed in previous studies of brain
diseases in dogs (Fischer and Obermaier, 1994;
Steiss et al., 1994; Oliviera et al., 2012).

Lower values for the amplitudes of waves II, III
and V were obtained from stimulation of the
ipsilateral (affected) ear versus contralateral
healthy ear. These results are similar to those
reported in literature for intracranial lesions
(Fischer et al., 1994; Steiss et al., 1994; Wilson,
2005; Wessmann et al., 2009; Colson et al.,
2012).

When we compared the BAERs amplitudes and
latencies recorded from the ipsilateral side of the
lesion with those from the contralateral one, we
obtained significant statistical differences only
for amplitudes of all waves. This might suggest
that in our cases the lesions influenced only the
strength of potentials, not the speed of
transmission of the information between the
nuclei of the auditory pathway.

Five patients with CVS secondary to stroke were
evaluated with BAERs. At the time of discharge,
there were 2 deaths, 1 patient had a complete
recovery, and 2 patients had an incomplete
recovery.

In patients with stroke whose recovery was
partial or total, BAERs abnormalities consisted
only in a slight decrease of wave amplitude,
statistically insignificant.

BAER testing in patients who died has
highlighted a significant decrease for wave I
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amplitude in association with the absence of
centrally generated potentials (II, III, and V) in
dog 4 and the presence of wave III-V plateau —
left ear and absence of waves II-V — right ear in
dog 9. Those changes were previously reported
only in humans with brain tumours (Legatt,
2005), as a consequence of total functional
destruction of the brainstem auditory pathways
associated with extensive lesions of the pons and
mesencephalon and as well as in cerebral death.

In our cases, this change can be attributed to
compression of the basilar or labyrinthine
arteries, knowing that the inferior colliculus is
perfused via the superior cerebellar and collicular
arteries and therefore the integrity of the BAERs
generators for wavers III, IV, and V is dependent
on perfusion and occurs mainly in the basilar
artery (Shimbo et al., 2003).

In patients with stroke, BAERSs testing was more
accurate, its changes were positively correlated
with a clinical course.

In dogs with CVS caused by the tumor (dog 1
and 7, both with cerebellar tumours), we
observed a significant increase in monoauricular
wave V latency (5.08uV) by stimulation of the
ipsilateral (affected) ear versus contralateral
healthy ear (3. 84uV); these results indicate an
impairment in the cranial portion of the
brainstem wave, V is generated by inferior
coliculul located in this region. Morphological
analysis of the BAERs trace has highlighted
presence of wave III-V plateau with a slight
decrease in amplitude, and in dog 7 presence of
multiple discharge bilaterally; probably as a
result of tumor compression of the brain stem.
Similar results were reported by Steiss et al.
(1994) in dogs with brain stem, cerebellar and
forebrain tumors in a study of 14 dogs with
confirmed central nervous system lesions.

In the analysis of the BAERS traces in dogs with
hydrocephalus (dog 5 and 8) no changes were
observed in latency of the waves I, I, III, and V,
when we compared their values between binaural
and ipsilateral ear (affected) monaural
stimulation, or after binaural and contralateral
ear (healthy) monaural stimulation. An increase
in the amplitudes were obtained in the case of III
and V waves (2.56pV and 3.15uV) at ipsilateral
ear (affected) monaural stimulation versus
contralateral ear stimulation (1.95pV,
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respectively 2.51uV). Increasing the amplitudes
of the waves III and V reflects increased activity
of the neurons’ olivary complex located in the
upper and lower coliculul activity probably due
to injuries descending auditory pathways in the
brain. Although there have been less studies in
the veterinary medicine, Mulders and Robertson
(2000a) have demonstrated in rats that
descending auditory pathways from the auditory
cortex to olivary complex they are extended to
the nuclei olivocochlear terminating at the
cochlea, and assume that the same thing happens
to the dog, thus explaining BAERs anomalies
recorded.

CONCLUSIONS

BAERs testing using surface electrodes in CVS
were characterised by different types of
morphological change of the waves in 70% of
patients and decreased amplitudes without
changes in latency waves. This suggests an
impairment of strength, but not of the speed of
transmission of information between the nuclei
of the auditory pathways.
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