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BRAINSTEM AUDITORY EVOKED RESPONSE

Primary Disciplinary Field(s): Neurophysiology, Audiology, Otolaryngology

1. Core Definition and Methodology

The Brainstem Auditory Evoked Response (BAER), frequently referred to as the Auditory

Brainstem Response (ABR) test, is a crucial objective neurophysiological measurement used

primarily in audiology and neurology. This non-invasive diagnostic procedure records the electrical

activity generated by the auditory pathway, spanning from the cochlea up through the auditory

nerve and into the brainstem, specifically in response to acoustic stimulation. The test essentially

captures the action potentials and synaptic potentials that occur sequentially as sound information

ascends the central nervous system. Because the BAER measures activity generated

subcortically--in the brainstem--it provides an objective assessment of hearing function that is

largely independent of the subject's conscious cooperation or behavioral response. This

characteristic makes it exceptionally valuable for testing populations where traditional behavioral

audiometry is impractical or impossible, such as infants, young children, or individuals with

intellectual or developmental disabilities. The BAER is distinguished from broader categories of

auditory evoked potentials (AEPs) by its focus on the early, rapid responses occurring within the

first 10 to 15 milliseconds following the presentation of the stimulus.

The methodology involves the precise placement of surface electrodes, typically secured to the

mastoid process, forehead (vertex or high forehead), and sometimes the earlobe or nape of the

neck. These electrodes detect minute voltage changes--the auditory potentials--which are

generated by the synchronous firing of neurons in the auditory pathway. The auditory stimulus

used is most often a rapid series of transient sounds, commonly referred to as "clicks," which

possess a broad frequency spectrum, effectively stimulating a large portion of the basilar

membrane simultaneously. However, frequency-specific stimuli, such as tone bursts, are often

employed when clinicians require specific information about hearing sensitivity at distinct

frequencies, a requirement often necessary for developing comprehensive amplification strategies.

The resulting electrical signals are extremely small, measured in microvolts, and must be

substantially amplified and then averaged across hundreds or thousands of stimulus repetitions to

filter out extraneous physiological noise, such as muscle artifact (electromyography, or EMG) or

other electrical activity emanating from the brain (electroencephalography, or EEG).

The final output of the BAER test is a complex waveform consisting of a characteristic sequence of

five to seven positive peaks (waves), labeled I through VII. The clinical interpretation of the BAER

relies heavily on analyzing the timing of these peaks, known as their latency, and the relative size

of the peaks, or their amplitude. The latency is measured from the onset of the acoustic stimulus to

the peak of the waveform. Abnormally prolonged latencies or the absence of specific waves are
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diagnostic indicators. For instance, increased absolute latency of Wave V suggests prolonged

neural transmission time, potentially indicative of conductive hearing loss or central nervous

system pathology. Comparing the inter-peak latency intervals (e.g., I-III, III-V, I-V) is vital for

assessing the integrity of the various segments of the auditory pathway within the brainstem.

2. Etymology and Historical Development

The concept of measuring electrical responses from the brain in reaction to sensory input

originated in the early 20th century, but the specific technique of the Brainstem Auditory Evoked

Response emerged much later. Its development is deeply rooted in the broader field of Auditory

Evoked Potentials (AEPs), which encompasses a range of electrophysiological measures spanning

the early, middle, and late responses generated along the auditory pathway. The foundational work

leading directly to the BAER was largely performed in the late 1960s and early 1970s. Pioneering

researchers recognized the potential for capturing these tiny, rapid brainstem potentials only once

advanced signal averaging techniques became widely available. Before signal averaging, these

small responses were completely masked by the much larger background EEG noise.

Notable contributions to the standardization and clinical application of the BAER are often credited

to researchers such as Don Jewett and Terese Hecox, who meticulously mapped the generator

sites for the distinct waves (I through V). Jewett, in particular, was instrumental in identifying the

reliable, replicable nature of the early components and linking them to specific anatomical

structures in the auditory brainstem. This crucial mapping allowed clinicians to use the BAER not

just as a test for peripheral hearing loss, but also as a powerful tool for diagnosing neurological

disorders affecting the brainstem itself. By the mid-1970s, the BAER had transitioned from a

research tool to a standard clinical procedure, particularly for differential diagnosis between

cochlear pathology and retrocochlear lesions, such as acoustic neuromas (vestibular

schwannomas).

The historical significance of the BAER lies in its revolutionary contribution to objective audiometry.

Prior to the BAER, the assessment of hearing in infants and difficult-to-test populations was highly

subjective and unreliable. The introduction of the BAER provided the first truly reliable, non-

behavioral measure of peripheral hearing sensitivity and central auditory function. This

development drastically improved the ability of healthcare providers to identify hearing impairments

early in life, leading to the establishment and widespread adoption of universal newborn hearing

screening programs around the globe, fundamentally changing the prognosis and intervention

timelines for children with congenital hearing loss.

3. Neurophysiological Basis

The fidelity of the BAER test rests upon the precise neuroanatomical correlation of its characteristic
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waves. Each major wave component is generally associated with activity originating from a specific

anatomical site along the ascending auditory pathway, providing a functional index of that neural

segment. This sequential generation of waves reflects the orderly, synchronous transmission of

electrical information from the periphery to the brainstem nuclei. Wave I, the earliest component, is

generated primarily by the distal portion of the auditory nerve (Cranial Nerve VIII) as it exits the

cochlea. This wave provides critical information about the integrity of the peripheral auditory

system and serves as the baseline timing marker for subsequent central responses.

Moving centrally, Wave II is generally attributed to the proximal portion of the auditory nerve as it

enters the brainstem, or possibly the cochlear nucleus, the first major relay station. Wave III is a

crucial marker generated by the activity within the cochlear nucleus and the superior olivary

complex (SOC). The SOC is essential for binaural hearing and sound localization. Wave III's

reliable presence confirms transmission through the lower brainstem. The subsequent peaks,

Wave IV and Wave V, are generated higher up the brainstem. Wave IV is often associated with the

lateral lemniscus and nuclei of the lateral lemniscus, while Wave V, typically the most prominent

and reliably present peak, originates from the termination of the lateral lemniscus fibers in the

inferior colliculus (IC). The prominence and ease of identification of Wave V make it the primary

focus for estimating hearing thresholds in clinical audiology, as its latency decreases predictably as

sound intensity increases.

The subsequent waves (VI and VII), while less consistently observed and less crucial for routine

clinical assessment of hearing threshold, reflect activity generated in the thalamic auditory nuclei,

such as the medial geniculate body, and potentially the primary auditory cortex. However, these

late-onset responses are generally better studied using Middle Latency Responses (MLRs) and

Late Latency Responses (LLRs), which measure cortical activity. The precision in linking Waves I

through V to specific brainstem nuclei allows the BAER to serve as a high-resolution tool for

detecting lesions or demyelination that might slow or block neural transmission within the

brainstem, independent of the subject's ability to perceive or respond to the sound.

4. Key Characteristics and Parameters

Latency Analysis: This is the time interval, measured in milliseconds (ms), between the

presentation of the stimulus and the peak of the recorded wave. Clinically, both absolute latency

(time to reach a specific peak, like Wave V) and inter-peak latency (the time difference between

peaks, such as I-V) are analyzed. Prolonged absolute latencies often indicate a conductive or

sensory hearing loss, while prolonged inter-peak latencies suggest a retrocochlear or central

auditory nervous system dysfunction, such as demyelinating disease.

Amplitude Measurement: Amplitude refers to the height of the waveform peak, reflecting the

magnitude and synchrony of the neural response. While less stable than latency, reduced

amplitude can indicate poor synchronization of neural firing or a widespread loss of neural
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elements. The ratio of the Wave V amplitude to the Wave I amplitude (V/I ratio) is sometimes used

to assess central auditory processing efficiency.

Threshold Estimation: The BAER is used to estimate behavioral hearing thresholds by

decreasing the intensity of the acoustic stimulus until Wave V is no longer reliably identifiable. The

lowest intensity level at which a clear Wave V can be identified is considered the

electrophysiological threshold, providing an excellent objective proxy for the softest sound the

patient can hear.

Stimulus Parameters: The type of stimulus (clicks vs. tone bursts), the rate of presentation, and

the polarity (rarefaction or condensation) are critical parameters that must be carefully controlled.

High stimulus rates can stress the neural system, often revealing subtle pathologies not evident at

slower rates.

5. Clinical Applications

The most widespread and crucial application of the BAER is in the field of pediatric audiology,

particularly as part of Universal Newborn Hearing Screening (UNHS) programs. Because the

test requires no behavioral response, it is the standard method for identifying hearing loss in

infants shortly after birth. Early identification, facilitated by BAER, is critical because intervention

(such as hearing aids or cochlear implants) implemented before six months of age significantly

improves speech and language development outcomes. When an infant fails the initial screening, a

more comprehensive diagnostic BAER is performed to determine the specific degree and

configuration of the hearing loss.

Beyond newborn screening, the BAER is an indispensable tool in neurology for diagnosing and

monitoring retrocochlear pathologies and central nervous system disorders. The test is highly

sensitive to lesions that affect the auditory nerve and brainstem structures. For example, a

common neurological application involves the detection of acoustic neuromas (vestibular

schwannomas). In these cases, the tumor compresses the auditory nerve, causing a characteristic

pattern of abnormal BAER results, often showing a normal Wave I (indicating intact peripheral

function) but significantly delayed or absent subsequent central waves (III and V). This ability to

differentiate between cochlear damage and nerve/brainstem damage makes the BAER a powerful

tool in differential diagnosis.

Furthermore, the BAER is utilized during complex neurosurgical procedures, especially those near

the brainstem or auditory nerve, to provide real-time intraoperative monitoring. By continuously

monitoring the BAER waveform, surgeons can receive immediate feedback regarding the

functional integrity of the auditory neural pathways. This monitoring helps guide surgical

maneuvers, alerting the team to potential damage caused by retraction, thermal injury, or ischemia,

thereby minimizing the risk of permanent hearing loss or neurological injury during the operation.

This application underscores the BAER's role not just as a diagnostic test, but as a critical safety
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measure in high-stakes medical procedures.

6. Procedural Execution

The execution of a diagnostic BAER requires a quiet environment, specialized equipment, and a

skilled clinician. The preparation phase is crucial, involving meticulous skin cleansing to ensure low

impedance at the electrode sites, which minimizes noise and maximizes the quality of the recorded

signal. Typically, three to four disposable electrodes are attached: the non-inverting electrode

(active) placed on the vertex or mastoid, the inverting electrode (reference) on the contralateral

mastoid or earlobe, and the ground electrode placed on the forehead. The auditory stimuli (clicks

or tone bursts) are delivered via insert earphones, which provide acoustic isolation and prevent

collapsed ear canals.

For infants and young children, the procedure often requires the child to be asleep or sedated to

minimize movement and muscle artifact, which can severely contaminate the delicate electrical

recordings. The test is performed at varying intensity levels, typically starting at a high intensity

(e.g., 70-90 dB nHL) to ensure a robust response, and then systematically decreasing the intensity

in steps (e.g., 20 dB increments) to determine the threshold. The acquisition process involves

presenting thousands of stimuli to generate a clean, averaged waveform. The averaged recordings

are then displayed on a screen, and the audiologist or neurologist carefully identifies and marks the

latency and amplitude of the key waves (I, III, and V) for analysis.

Interpretation involves comparing the patient's latencies and inter-peak intervals against

established normative data based on age and sex. A comprehensive report details the estimated

hearing threshold and analyzes the inter-wave timing to infer the location of any potential

dysfunction. For threshold determination, the primary focus is on identifying the lowest intensity

level that produces a repeatable, recognizable Wave V. The final outcome is not merely a pass/fail

result but a detailed map of the auditory system's electrical response, allowing for highly specific

diagnoses regarding the nature (conductive, sensorineural, or central) and severity of the

impairment.

7. Significance and Impact

The significance of the Brainstem Auditory Evoked Response in modern medicine and audiology

cannot be overstated. By providing an objective measure of hearing function, it circumvented

the major limitations of behavioral tests, particularly in non-cooperative populations. Its impact is

evident in the dramatically improved outcomes for children with congenital hearing loss, as early

diagnosis permits timely intervention with hearing technologies and developmental therapies,

significantly enhancing their quality of life and educational attainment. The BAER standardized the

approach to early hearing identification, transforming the landscape of pediatric healthcare.
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In neurological diagnostics, the BAER remains a cornerstone technique for the diagnosis of central

auditory pathway disorders. It serves as an objective biomarker for conditions ranging from multiple

sclerosis (where demyelination can slow transmission, increasing inter-peak latencies) to pontine

strokes. While magnetic resonance imaging (MRI) provides structural details, the BAER provides

functional assessment of the pathway's conduction velocity, often complementing structural

imaging to provide a complete diagnostic picture. Its reliability and relative low cost, compared to

advanced imaging techniques, ensure its continued utility in clinics worldwide.

The principles established by BAER research have also paved the way for related

electrophysiological tests, such as the Auditory Steady-State Response (ASSR), which builds upon

AEP principles to provide even more frequency-specific threshold estimates, particularly beneficial

in complex or severe hearing losses. Ultimately, the BAER test has been instrumental in shifting

the medical paradigm toward preventive and early intervention strategies for hearing impairment,

establishing a standard of care that relies on objective, repeatable physiological measures.

8. Debates and Limitations

Despite its robust clinical utility, the BAER has several inherent limitations and is subject to

ongoing debate regarding specific applications. One major limitation is that the BAER primarily

reflects the synchronous firing of the neural tracts and nuclei; it does not directly measure the

subjective perception of sound or the patient's higher-level auditory processing abilities. A patient

may have a normal BAER threshold but still suffer from significant difficulty processing complex

sounds (auditory processing disorder), as the test bypasses cortical analysis.

Another limitation concerns its frequency specificity when using the standard click stimulus. Clicks

evoke a broad, instantaneous response across the cochlea, which makes the measured threshold

an estimate of hearing sensitivity predominantly in the high-frequency range (2000-4000 Hz),

rather than a true audiogram covering all frequencies. While tone bursts are used to improve

frequency specificity, they do not always yield the same clear, reliable waveforms as clicks,

sometimes complicating interpretation. Furthermore, clinical interpretation requires high levels of

expertise; artifact contamination (especially muscle artifact from a restless subject) can obscure

the waveform, leading to inconclusive or inaccurate results.

Debates also exist regarding the exact anatomical generators of Waves IV and V, as these peaks

often overlap or merge, making their differentiation challenging, particularly when dealing with

pathology. While the BAER is excellent for identifying peripheral and brainstem lesions, its utility

diminishes for pathologies above the inferior colliculus, requiring the use of MLRs or LLRs.

Consequently, clinicians must always integrate BAER findings with other objective measures, such

as otoacoustic emissions (OAEs), and behavioral audiometry when possible, to achieve a

comprehensive and accurate diagnosis.
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Further Reading

Auditory brainstem response (Wikipedia)

American Speech-Language-Hearing Association (ASHA): Auditory Evoked Potentials

Neuroanatomical Correlates of the Auditory Brainstem Response (NCBI Bookshelf)
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