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ABSTRACT

The brainstem auditory evoked potential (BAEP) 
evaluates the integrity of the auditory pathways to the brainstem. 
The aim of this study was to evoke BAEPs in 21 clinically normal 
horses. The animals were sedated with detomidine hydrochloride 
(0.013mg.kg-1 BW).  Earphones were inserted and rarefaction clicks 
at 90 dB and noise masking at 40 dB were used. After performing 
the test, the latencies of waves (I, II, III, IV, and V) and interpeaks(I-
III, III-V, and I-V) were identified. The mean latencies of the waves 
were as follows: wave I, 2.4 ms; wave II, 2.24 ms; wave III, 3.61ms; 
wave IV, 4.61ms; and wave V, 5.49ms. The mean latencies of the 
interpeaks were as follows: I-III, 1.37ms; III-V, 1.88ms; and I-V, 
3.26ms. This is the first study using BAEPs in horses in Brazil, 
and the observed latencies will be used as normative data for the 
interpretation of tests performed on horses with changes related to 
auditory system or neurologic abnormalities.
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RESUMO

O Potencial Evocado Auditivo de Tronco Encefálico 
(BAEP-Brainstem Auditory Evoked Potential) avalia a integridade 
das vias auditivas até o tronco encefálico. O objetivo da pesquisa 
foi padronizar o uso do BAEP em 21 equinos, sem aparente 
anormalidade auditiva. Os animais foram sedados com cloridrato 
de detomidina (0,013mg.kg-1 de PV). Foram utilizados fones de 
inserção,cliques de rarefação a 90 dB e um ruído de mascaramento 
de 40 dB. Foram identificadas as latências das ondas I, II, III, IV 
e V e dos interpicos I-III, III-V e I-V. As médias das latências das 
ondas foram: onda I 2,24ms; onda II 2,74ms; onda III 3,61ms; 
onda IV 4,61ms; e onda V 5,49ms. As médias das latências dos 
interpicos foram: I-III 1,37ms; III-V 1,88ms; e I-V 3,26ms. Este 
é o primeiro estudo utilizando o BAEP em equinos no Brasil e 
as latências observadas serão utilizadas como dados normativos 

para interpretação de exames de cavalos com anormalidades 
auditivas ou neurológicas.
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INTRODUCTION

Hearing is one of the primary means for 
interacting with the environment and is important for 
survival and perceiving other animals and possible 
predators (STRAIN & MYERS, 2006).The brainstem 
auditory evoked potential (BAEP) is an objective test 
that evaluates the integrity of the auditory pathway. 
Interpretation of the results aids the veterinarian in 
diagnosing deafness and establishing the severity of 
the lesion in the auditory pathway (MAYHEW & 
WASHBOURNE, 1990; STRAIN, 1996). When this 
test is performed in a healthy animal, a waveform 
with up to seven peaks can be observed. The first 
five peaks are the most clinically informative, 
and peaks I, III, and V are the easiest to identify at 
intensities ranging from 70 to 90dB (MAYHEW & 
WASHBOURNE, 1992).

Each wave produced corresponds to a 
specific region of the auditory pathway. Waves I, 
II, III, IV, and V originate in the ipsilateral cranial 
nerve VIII, cochlear nucleus, pons, lateral lemniscus, 
and caudal colliculus of the midbrain. Waves VI and 
VII are generated in the medial geniculate body of 
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the thalamus and auditory radiations. These latter two 
waves are not always present in horses (MAYHEW & 
WASHBOURNE, 1997).

Use of BAEPs to assess the auditory 
function of horses has been studied since 1980 
(MARSHALL, 1981, 1985). In addition to horses 
(ROLF et al., 1987; MAYHEW & WASHBOURNE, 
1997; MAYHEW, 2003; WILSON et al., 2011), 
similar studies have been conducted in human 
adults and children (JIANG et al., 1991), dogs 
(HOLLIDAY & TE SELLE, 1985, KAWASAKI & 
INADA, 1994; UZUKA et al., 1998; MURRELL et 
al., 2005; WILSON & MILLS, 2005; PALUMBO et 
al., 2012), and cattle (ARAI, 2008). 

The objective of this study was to standardize 
the BAEP in healthy horses in Brazil and characterize 
the latencies of the waves generated at a given intensity 
of an acoustic stimulus in 21 adult horses. 

MATERIALS   AND   METHODS

Auditory evoked potential tests were 
performed in 21 horses, including 13 males and eight 
females, aging between two to 12 years. This study was 
conducted in the Electroneurodiagnostic Laboratory 

of the Department of Veterinary Clinical Sciences, 
School of Veterinary Medicine and Animal Science 
(Faculdade de MedicinaVeterinária e Zootecnia – 
FMVZ), São Paulo State University (Universidade 
Estadual Paulista – UNESP) - Botucatu, and was 
initiated following approval by the Ethics Committee 
(protocol: 201/2012). As an animal selection criterion, 
an otoscopy was performed to confirm that the auditory 
canal and inner pinna were intact and had no alteration 
that could affect the test results.

The animals underwent a 12-h solidfood 
fast prior to the procedure. Animals were then 
intravenously sedated with detomidine hydrochloride 
(0.013mg.kg-1 BW). The test was initiated 10 minutes 
after sedation. Needle electrodes were inserted 
subcutaneously at the base of each ear (O1 and O2- 
active electrodes), on the forehead (Fpz - reference 
electrode), and at the vertex (Cz - ground electrode) 
(Figure 1). A band-pass filter of 200-3000Hz, a 
sensitivity of 2.5µ Vcm-1, and an analysis time of 1ms/
cm were used. Insert earphones were used to transmit 
the sound stimuli. Tests used rarefaction clicks with a 
duration of 2ms and an intensity of 90dB in the tested 
ear and a masking noise with an intensity of 40dB in 
the contralateral ear. For each ear, at least two sets 

Figure 1 - Placement of electrodes for BAEP testing. A) Ground electrode, B) reference electrode, and C) active electrode.
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of 500 stimuli were obtained using a 2-channel Teca 
Synergy System (Viasys Healthcare®).

Each test measured the absolute latencies 
in milliseconds of waves I, III and V and of interpeaksI-
III, III-V, and I-V on each side. These values were 
used to calculate and interpret the means and standard 
deviations of the variables. Values obtained from the 
right and left sides and those obtained from males and 
females were compared (paired t-test).

RESULTS

Figure 2 shows the auditory evoked 
potential obtained from an adult horse. Table 1 shows 
the mean, minimum, and maximum values and 
standard deviations of waves I, II, III, IV, and V and 
of interpeaks I-III, IIII-V, and I-V for the 21 animals 
at an intensity of 90dB.

There was no significant difference 
between the latency values   obtained from the left 
and right sides of the animals. Except for wave III 
(P=0.0082), the remaining waves and interpeaks 
showed no statistically significant differences 
(P≥0.05) between males and females.

DISCUSSION

Despite the lack of previous reports 
of BAEP testing in horses in Brazil, this test has 
been used for various purposes in other countries. 
HARLAND et al. (2006) described the use of BAEP 
testing to diagnose deafness in a horse belonging to 
a Paint Horse breed that lacks pigmentation of the 
face and has blue eyes. In 2008, ALEMAN et al. used 

BAEP testing to diagnose deafness in horses with 
temporohyoid osteoarthropathy (THO). ALEMAN 
et al. (2014a) identified auditory impairment in 57 
horses after performing BAEP testing on 76 animals. 
The most common causes of BAEP changes were 
THO, congenital sensorineural deafness in Paint 
Horses, multifocal cerebral disease, and otitis media/
interna. ALEMAN et al. (2014b) associated changes 
in the potentials of foals with diseases such as sepsis, 
neonatal encephalopathy, neonatal isoerythrolysis, 
and preterm birth. Results of the present study will be 
used as a reference for comparison with the latencies 
obtained from horses with various alterations in their 
auditory pathways.

Latency values obtained in this study were 
similar to those obtained by ALEMAN et al. (2014): 
wave I, 2.12 (±0.06)ms; wave III, 3.61 (±0.17)ms; 
wave V, 5.36 (±0.16)ms; interpeak I-III, 1.40 (±0.15)
ms; interpeak III-V, 1.74 (±0.15) ms; and interpeak 
I-V, 3.14 (±0.12) ms. In BAEP tests on horses, wave 
I required an additional 1.0ms to travel through the 
earphones and reach the animal’s ear compared to the 
results of other authors using headphones (MAYHEW & 
WASHBOURNE, 1990, 1992, 1997; MAYHEW, 2003). 
This difference may be explained by the unqualified 
delay in the earphones compared to the use of 
headphones (MAYHEW & WASHBOURNE, 1992). 

Multiple factors can influence the variation 
of BAEP results, including age, sex, breed, and head 
size (WILSON & MILLS, 2005). Animals with a 
larger head require a greater time to produce a response 
to the generated stimuli. Breed was not a criterion 
used to select the animals, and therefore, it was not 
investigated. In the present study, when the latencies 

Figure 2 - BAEP of a healthy animal. A) Left side. B) Right side. Note the identification of waves I, II, III, IV, and 
V (vertical division: 1μV; horizontal division: 1ms).
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of males and females were compared, only wave III 
was significantly longer in males. As there was no 
significant difference in the remaining latencies, this 
increase may not have clinical relevance. 

WILSON et al. (2011) described the use 
of BAEP testing for the diagnosis of deafness in older 
horses. Their study used nine horses, five young and 
four older horses. Stimulus intensities of 90 to 20dB 
were used. When comparing the two groups, the older 
group of animals had worse hearing thresholds and 
wave V amplitudes at a stimulus intensity of 90dB. 
In the present study, animals aged between two and 
12 years were selected so that age would not interfere 
with the obtained latencies, and the stimulus intensity 
was kept constant.

Some pharmaceuticals, such as 
aminoglycosides (CROWELL, 1981; NOSTRANDT, 
1991), have toxic effects, affecting the hair cells of 
the cochlea and altering BAEP results. In this study, 
although the animals’ previous history of medication 
use was unknown, none of the 21 tested horses 
showed any alteration in the tracings.

Some anesthetics can alter the latency 
and amplitude of the BAEP waves (WILSON & 
MILLS, 2005); however, these drugs are used to 
facilitate the collection and interpretation of the 
results (POMIANOWSKI & ADAMIAK, 2010). 
Detomidine was used for BAEP testing in horses 
by other authors without interfering with the results 
obtained (MAYHEW & WASHBOURNE, 1990; 
MAYHEW & WASHBOURNE, 1992; MAYHEW & 
WASHBOURNE, 1997; HARLAND et al., 2006; 
WILSON et al., 2011). Because horses become 
agitated during handling of the ears and placement 
of the earphones, sedation enables the recording of 
potentials with less interference and produces less 
stress for the animals.

CONCLUSION

This is the first technical standardization 
study for horses in Brazil and is of great importance 
to the diagnosis of hearing disorders that have not 
been clinically identified. 
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