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Electrocochleography or ECochG is a technique used to record electrical responses from the inner
ear and the auditory nervein the first 5 ms after stimulus presentation. Typicaly, aclick or tone
burst is used as the stimulus; however, other stimulus parameters (polarity and repetition rate),
recording parameters, and recording sites can also vary (promontory needle, earcanal tiptrode, and

tympanic membrane tymptrode electrodes).*” The two main components of the ECochG response
are the summating potential (SP), primarily from the hair cells of the cochlea, and the action
potential (AP) of the auditory nerve fibers. Presently, ECochG has considerable clinical application
in the diagnosis of endolymphatic hydrops in Meniere s disease and auditory neuropathy, with
recent application in cochlear synaptopathy and cochlear implantation.

Meniere’s Disease
One of the main clinical application of ECochG isin both diagnosing and monitoring Meniere's

disease/endolymphatic hydrops (EHL)." The following has been identified in those with Meniere's
disease/EHL : enhanced SP amplitude, enlarged SP/AP amplitude and area ratios, and an increase

in AP latency difference between condensation and rarefaction responses to click stimuli.** The
SP/AP amplitude ratio is currently the most widespread ECochG measurement for diagnosing
Meniere's, with aratio higher than .3 to .4 suggestive of EHL, when using an extratympanic

approach.” However, the SP/AP magnitude ratio is not infalible. According to Gibson, the

amplitude of the AP can differ depending on the degree of hearing loss at high frequencies.” The
SP/AP amplitude ratio can aso vary depending on the cutoff criterion for normal SP/AP ratio, the
diagnosis (ELH or Meniere' s disease), recording time (Symptomatic versus asymptomatic), and
stage of the disease because there is a chance that ELH is not present in the early stages of

Meniere's disease.” Because of the low diagnostic sensitivity of ECochG, 83% of the members of
the American Otological Society and the American Neurotology Society rely more on the clinical

symptom-based diagnosis of the disease.’ Since the SP/AP amplitude ratio is only enlarged in
about 60% of Meniere’s patients, one way to improve the diagnostic sensitivity isto aso include

the SP/AP arearatio (normal <1.94).”° Figure 1A and B display click ECochG recordings from two
different patients with Meniere’ s like symptoms (vertigo, mild low frequency sensorineural hearing
loss, and ear fullness). Figure 1A displays the ECochG response from the right ear of the first
patient, a 49-year-old female, revealing normal SP/AP amplitude ratio, whereas the SP/AP area
ratio is abnormally large. If the audiologist depends on only measuring the SP/AP amplitude ratio,
the ECochG finding would be negative for ELH (aka poor sensitivity). The second patient is a 30-
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year-old female who has a definite diagnosis of Meniere' s disease and her ECochG response from
the left ear showed abnormality in both the SP/AP amplitude (.90) and arearatios (2.95) (Figure
1B). It can be concluded from these two cases that the SP/AP arearatio isimportant to diagnose
ELH in the first case and to confirm the objective diagnosis of ELH in the second case.
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Figure 1A. Averaged 90 dB nHL click ECochG response from a 49-year-old female with
Meniere' s like symptoms showing within normal SP/AP amplitude ratio (0.19), but abnormally
large SP/IAP arearatio (2.65). Note: SP and AP amplitudes were measured peak to peak, and the
SP/AP arearatio = the duration of the SP+AP areas/AP area. 7 Green shaded areaisthe AP area

and both of the green- and yellow- shaded areas constitute the SP area.’
SP/AP

Amplitude ratio = 0.90
[uVv/div] Area ratio = 2.95

O 1 P4 3 ms

Figure 1B. Averaged 90 dB nHL ECochG response to 7.1 clicks/s from a 30-year-old female
patient with Meniere' s like symptoms showing abnormally large SP/AP amplitude ratio (0.90) and
arearatio (2.95). Green shaded areais the AP area and both of the green- and yellow- shaded areas
constitute the SP area.
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Another method used to help in the Meniere YEHL diagnosisis using two different polarities
(condensation and rarefaction) to evaluate the difference between the AP latency; a difference of

0.38 msisan indication of ELH.>*° The reasoning behind this latency difference has to do with
velocity changes of the traveling wave due to the large amounts of endolymph in the cochlea. This
causes the vibrations of the cochlear partition to be restricted; therefore, the velocity of the
traveling wave varies based on whether the cochlear partition is moving upwards with rarefaction
or downwards with condensation. Since the AP latency is dependent on the velocity of the

traveling wave, a difference in AP latencies between the two polarities can be noted.® For any of
these methods, one approach to make the ECochG more sensitive is to evaluate patients when their

symptoms are occurring.’ This is not always possible due to how often symptoms fluctuate and the
patient’ s compliance to being tested during a Meniere’ s episode.

Continuous Loop Averaging Deconvolution
One technique that could benefit in the differential diagnosis of Meniere s disease is known as the

Continuous L oop Averaging Deconvolution (CLAD) technique. The CLAD procedure applies an
algorithm to separate the waveforms from measurements performed at high stimulus rates. An
example of ECochG to fast click rates (Figure 2) was recorded from the author of this paper (WK).
Figure 2 displays a complex convolved response, obscuring SP and AP waveforms at fast rates,
and that is where the CLAD technigue comes in to deconvolve (unravel) those complex responses
to fast rates (Figure 3). As shown in Figure 3, CLAD allows three main advantages: (1) separating

the SP and AP waves at fast rates, which reduces the difficulty in labeling SP and AP, (2)
assessing the origin of the SP response, and (3) studying the rate of neural adaptation (reduced AP

response with fast rate). Data from Figure 3 and other studies” showed that SP amplitude remains
stable at fast rate whereas the AP amplitude undergoes neural adaptation, indicating that the SP
response is dominated by presynaptic cochlear hair cells and the AP is generated from the cochlear

nerve.12,13 Compared to normative ECochG findings," results of asmall pilot group with
Meniere' s disease revealed similar trends, but with aslight increase in AP latency and a decrease

in AP amplitude with increasing stimulus rate.” These preliminary findings suggests that
Meniere' s disease may affect the neural function of cochlear nerve and/or cochlear synapses.

Previous results of abnormal acoustic reflex decay in 22—27% patients with Meniere’ s disease™*°
and a reduced number of synapses between inner hair cells and cochlear nerve fibersin Meniere's

disease,"’ support the presence of neural damage.
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Figure 2. Convolved, overlapped ECochG responses at each of the seven click rates showing
repeatabl e responses and their averaged responses at each click rate.
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Figure 3. Averaged deconvolved ECochG using CLAD technique showing that the SP waves
remain stable in latency and amplitude, whereas the AP waves shiftsin latency and decrease in
amplitude with increasing click rate, allowing better identification of SP and AP waves.

Considering the imperfect sensitivity of the click ECochG SP/AP ratio, the use of toneburst stimuli
may advance the specificity of ECochG and perhaps earlier detection of the disease, which first
affects the apical half of the cochlear spiral that istuned to low frequencies. One research study
recorded toneburst ECochG to 500 Hz and 2000 Hz at three stimulus durations (12, 6, 3 ms) and

g

five stimulus rates (from 7.1 to 234.3/s).” They reported that SP amplitude was larger for fast rate,
longer duration, and 2000 Hz tonburst stimuli, while AP amplitude was larger for slow rate and
short duration toneburst stimuli. The enhancement of the SP amplitude at fast rates is due to
minimizing the neural contributions from the auditory nerve.
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Cochlear Synaptopathy
Another potential application for ECochG isin the diagnosis of cochlear synaptopathy (Figure 4).

Animal studies have provided evidence of a noise-induced dysfunction of the synapses between
inner hair cells and auditory nerve fibers, resulting in a hidden hearing loss known as cochlear

synaptopathy.

tinnitus, hyperacusis, and difficulties hearing in noisy backgrounds.” ™ Much of the research on
animals and humans to date has included the ABR wave | as an electrophysiological measurein
determining a cochlear synaptic loss, which in many studies has demonstrated a reduction of the

19,20

This synaptic degeneration is suggested by various researchers to contribute to

20-22

19,23

ABR wave | in the pathological ear.”™ To control for the inter-subject variability of wave |

amplitude, Liberman et al recommended the use of the SP/AP amplitude ratio.” Their results
showed a significant increase in the SP amplitude and decrease in AP amplitude, resulting in an
enhanced SP/AP ratio in those with a higher risk for hidden hearing loss. The enhancement of the
SP amplitude may be due to either aloss of negative excitatory post-synaptic potentials or positive

receptor potentials of hair cell non-linearity.* Similar trends were reported in another study
executed by Ridley et a, where the SP/AP ratio demonstrated to be a possible indicator of deficits

in suprathreshold processing, specifically for a noise-induced synaptopathy.”
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Figure 4. Averaged electrocochleography responses from both ears of a case with normal hearing,
but has mild SNIR loss, and abnormal stapedial reflex thresholds and growth function. ECochG
shows abnormally large SP amplitude, small AP amplitude, resulting in large SP/AP amplitude and
arearatios, bilaterally. These findings are consistent with cochlear synaptopathy.

In agreement with these findings, a 26-years-old male complains of some difficulty hearing in
noisy environments, but there is no known history of noise exposure. His audiological evaluation
revealed within normal hearing thresholds, excellent word recognition score in quiet, mild signal-
to-noise ratio loss on the QuickSIN test (7 dB SNR), and within normal tympanometry but elevated
stapedial reflex thresholds with abnormal growth function, bilaterally. His click ECochG findings
showed both abnormally large SP/AP amplitude and area ratios due to (a) an enhancement of the
SP amplitude and (b) a significant reduction of the AP amplitude, mainly on the left, consistent
with neural loss at the level of the synapses between inner hair cells and cochlear nerve

20,21

terminals.” " The recorded abnormally large SP/AP arearatio is 2—-3 times larger than the SP/AP
arearatio of the above two cases with ELH (Figures 1A and B). In addition, the abnormal stapedial
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reflex suggests presence of cochlear synpatopathy.” These findings are consistent with cochlear
synaptopathy in both ears of this young adult, which are consistent with hidden hearing loss due to

20,21

cochlear synpatopathy.

Other Applications
In addition to ELH and cochlear synaptopathy, ECochG can be used in the differential diagnosis of

other inner ear disorders (perilymphatic fistula and dehiscence of superior semicircular canal).
ECochG has other applications that may expand its usein clinical practice. One application is
intraoperative monitoring. ECochG can be completed during middle ear surgeries like a

stapedectomy to monitor the patient’ s subjective responses; it can also be used to monitor the

compound AP during cochlear implant surgery.™> When using condensation and rarefaction
polarity to record the cochlear michrophonic component of ECochG, it can be used for auditory

neuropathy spectrum disorder diagnosis,”*®, and to assess the contralateral suppression of the

auditory efferent system on either cochlear microphonics’™? or the compound AP.”

Conclusion
Although ECochG technigue is not one of the most common audiological assessmentsin clinical

settings, it has arange of valuable clinical applicationsin the evaluation of the inner ear and
auditory nerve function. Its applicability in classification of Meniere's disease and differential
diagnoses of various inner ear disorders, cochlear synaptopathy, auditory nerve pathologies, and
auditory efferent system continues to be researched.
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