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E-CAP/-ABR diagnostics in cochlear implant recipients

Intraoperative objektive Messungen bei Synaptopathie/Neuropathie:
Extra-/intracochleäre ECochG-Messung und E-CAP/E-ABR-Diagnostik
bei Cochlea-Implantat-Patienten

Abstract
The provision of a cochlear implant (CI) effectively helps patients with
sensorineural hearing loss (SNHL). Auditory neuropathy spectrum
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disorder (ANSD) is a rare cause of SNHL and may affect CI outcome.
Martin Leinung1

A total of three patients, comprising one adult and two pediatric cases,
Anette W. Weiss1exhibited indications suggestive of bilateral functional deafness caused

by auditory neuropathy spectrum disorder (ANSD). Consequently, each Timo Stöver1
of these patients was provided with a cochlear implant (CI) in both ears.

Tobias Weissgerber1Prior to CI surgery, auditory brainstem responses (ABR) and transtym-
Uwe Baumann1panic electrocochleography (ECochG) were performed to confirm the

diagnosis of ANSD. Intracochlear ECochG with either pure tone burst
or broadband chirp was performed on each patient during electrode

1 Goethe University Frankfurt,
University Hospital, ENT-

insertion via the implant electrode array. E-ABR recordings and mea-
surement of electrical compound action potentials (E-CAP) were per- Department, Frankfurt am

Main, Germanyformed sequentially. Preoperative ECochGand ABR showed the presence
of cochlear microphonics (CM) but the absence of CAP. The hypothesis
underlying the study is that in ANSD the CM is detectable and the CAP
and the ABRwaves J1 and J5 are absent, whereas in hearing supported
or restored by a CI all of these responses are present. Intraoperative
measurements facilitate a differential diagnosis of perisynaptic disorders
(postsensory and pre-neural) and allow for an immediate determination
at the conclusion of the surgical procedure that CI fitting for these pa-
tients is highly probable to be successful.
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Zusammenfassung
Die Versorgung mit einem Cochlea-Implantat (CI) stellt eine effektive
Behandlungsmethode für Patienten mit sensorineuralem Hörverlust
(SNHL) dar. Eine Auditorische Neuropathie Spektrum-Störung (ANSD)
stellt eine seltene Ursache für SNHL dar, welche die Effektivität der
Versorgung mit einem CI potenziell beeinträchtigen kann. Insgesamt
drei Patienten, darunter ein Erwachsener und zwei Kinder, wiesen An-
zeichen auf, die auf eine beidseitige funktionelle Taubheit aufgrund
einer ANSD hindeuteten. In der Folge wurde jedem dieser Patienten ein
CI beidseits implantiert. Vor der CI-Operation wurden akustische Hirn-
stammreaktionen (BERA) abgeleitet, sowie eine transtympanale Elek-
trocochleographie (ECochG) durchgeführt, um die Diagnose einer ANSD
zu bestätigen. Im Rahmen der Elektrodeneinführung wurde bei jedem
Patienten eine ECochG mit einem Tone Burst oder einem Breitband-
Chirp durchgeführt. Die E-BERA Aufzeichnungen sowie dieMessung der
elektrischen evozierten Summenaktionspotenziale (E-CAP) wurden
nacheinander durchgeführt. Die präoperative ECochG konnte zwar
CochlearMicrophonics (CM) nachweisen, nicht jedoch Summenaktions-
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Table 1: Patients’ etiology

potenziale. Die Fall-Studie untersuchte die Hypothese, dass bei Vorliegen
einer ANSD CM nachweisbar sind und CAP sowie die BERA-Wellen J1
und J5 fehlen, während bei einem durch ein CI unterstützten oder wie-
derhergestellten Hörvermögen alle diese Reizantworten vorhanden
sind. Die intraoperative Messung erweist sich als vorteilhaft für die
Differenzialdiagnose perisynaptischer Störungen (postsensorisch und
präneural). Zudem ermöglicht sie eine unmittelbare Evaluierung der CI-
Versorgung bei diesen Patienten, sodass eine hoheWahrscheinlichkeit
für einen erfolgreichen Verlauf prognostiziert werden kann.

Schlüsselwörter: auditorische Neuropathie, Cochlea-Implantat,
intracochleäre ECochG

1 Introduction in patients with suspected bilateral ANSD. Moreover, the
study illustrates the suitability of transtympanic and in-

Auditory neuropathy spectrum disorder (ANSD) is a rare tracochlear ECochG for assessing the presence or ab-
cause of sensorineural hearing loss (SNHL) in which the sence of auditory neuropathy. It is of particular impor-
affected individual retains functioning outer hair cells in tance to note that the application of ECochG recordings
the cochlea. However, the inner hair cells are unable to during the insertion of the electrode array via the most
respond to acoustic signals and transmit them to synaptic apical electrode allows for the observation of CM charac-
fibres or spiral ganglion neurons [1]. The presence of teristics, thus potentially preserving the integrity of
ANSD can be identified through the observation of abnor- cochlear structures.
malities in audiological measurements where the
otoacoustic emissions (OAE) remain intact. Furthermore,
electrocochleography (ECochG) exhibits cochlear micro- 2 Methods
phonics (CM), yet lacks the emergence of compound ac-
tion potentials (CAP)/Jewett Wave I. Additionally, auditory 2.1 Subjects
brainstem responses (ABR) exhibit dysmorphism/flatten-
ing on Jewett Wave V. The treatment of ANSD can be The study was conducted at the Department of
challenging due to the disruption of sound coding in the Otorhinolaryngology of the Goethe University Frankfurt
auditory neural pathway. The use of amplification, such am Main, Germany. The study included three patients
as that provided by hearing aids, to enhance sound with a diagnosis of bilateral ANSD (Table 1).
stimuli is unlikely to yield significant benefits with regard The newborn screening test for otoacoustic emissions
to speech development and hearing perceptions [2]. was passed by both P2 and P3. P1 exhibited distortion
Cochlear implantation represents a potential therapeutic product otoacoustic emissions in both ears in preopera-
intervention for patients with ANSD, as it converts sound tive tests. After administering of general anesthesia for
into coded electrical signals, bypassing the hair cells and CI surgery, extracochlear ECochG tests were performed
transmitting them directly to the spiral ganglion cells. using the ECLIPSE system (Interacoustics A/S,Middelfart)
A number of studies have documented encouraging re- with a disposable needle electrode inserted transtympan-
sults in patients with ANSDwho have undergone cochlear ically into the promontory of the cochlea. The impedances
implantation [2], [3], [4]. of the needle electrode were checked prior to recording.
In addition, preserving the function and structure of the EEG electrodes were placed on the right and left mastoid
cochlea is crucial, especially to reduce the risks of and forehead for the recordings. The results of the ex-
mechanical damage [5]. Intracochlear ECochG recording tracochlear ECochG tests, conducted with either an alter-
may help to monitor inner ear damage by assessing nating pure tone burst at 1 kHz (P1, P3) or a click (P2),
acoustic evoked potentials from the hair cells of the at sound levels between 80 and 100 dB HL, indicated
cochlea and compound action potentials (CAP) from the the presence of CM. However, the compound action po-
auditory nerve fibers by using the CI electrode to record tentials (CAP/Jewett Wave I) were absent (see Figure 1).
the cochlear response to acoustic stimuli. Moreover, ABR responses to 0.25–4 kHz pure tone pulses
The present study reports the collection of objective di- were either dysmorphic or absent, even at 90 dB HL (data
agnostic andmonitoring data, including ABR and ECochG, not shown).
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Figure 1: Extracochlear ECochG (recorded with a transtympanic needle electrode) of P1–P3, either as a click (P1R, P2R, P2L)
or as a pure tone burst at 1 kHz (P1L, P3R, P3L), with a sound level of 80–100 dB HL. Same pattern in all patients: CM exhibited
high amplitude, while the CAP response was either absent or low. Color coding: CM (green), CAP (blue: left ear, red: right ear)
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Figure 2: Preparation for intracochlear EcochG measurements via CI. The telemetry coil is positioned on the implant, and the
earphone is inserted on the side designated for recording. The trigger signal (MAX programming interface) is relayed to the
Dataman 531 AWG, which is responsible for generating the acoustic stimuli. Subsequently, these signals are transmitted to

the earphones.

2.2 Intraoperative objective
measurements

The CI electrode lengths were selected for each patient
on an individual basis, based on the depth of the cochlea,
using the Otoplan program (CASCINATION AG, Bern,
Switzerland). P1 and P3 received Flex28 electrodes, while
P2 received FlexSOFT electrodes (MED-EL, Innsbruck,
Austria), which were inserted via the round window. Dur-
ing electrode insertion, intracochlear EcochG was per-
formed using Maestro 904 v 4.1 (MED-EL, Innsbruck,
Austria) R&D software and a Dataman system (Dataman
Programmers Ltd., Dorset, UK) to generate acoustic
stimulation (Figure 2), as previously described [6], [7]. A
broadband chirp (0.25–4 kHz, stimulus duration 12 ms,
measurement window 12.8 ms) was performed on P1
and P3, while in P2 a 500 Hz pure tone burst with a
stimulus duration of 8 ms and a recording window of
9.7 ms was applied. The stimulation was delivered via
E-A-RLink insert earphones. Stimuli were employed to
evaluate the electrophysiological response as a function
of insertion depth along the cochlea using intracochlear
ECochG. Initial ECochG recordings during insertion were
performed with the most apical electrode (E1) and the
back-telemetry measurement system of the implanted
device [8]. Once complete insertion had been achieved,
ECochG recordings were conducted on all electrodes
(sweep recording).
Upon completion of the intracochlear ECochG recording,
a series of standard telemetry measurements were per-
formed on the implant, as part of the post-procedure as-
sessment. These included impedance measurement,
electrically evoked stapedius reflex threshold (ESRT), and
electrically evoked compound action potentials (E-CAPs)
utilising AutoART (MED-EL, Innsbruck, Austria) [9].
Finally, electrical auditory brainstem responses (E-ABR)
were recorded to investigate the integrity of the auditory
nerve and brainstem. The trigger output of the MAX Pro-
gramming Interface (MED-EL, Innsbruck, Austria) was
connected to the trigger input of the ECLIPSE system.
Once the appropriate impedances had been confirmed,
the electrophysiological responses were recorded with
EEG electrodes. Alternating biphasic electrical pulses

were delivered to selected apical, medial, and basal
electrodes with a duration of 40 µs each. The stimulus
rate was set to 34 Hz, and 500 recordings were made
for each measurement.

3 Results and discussion
In all patients, multiple frequency-specific CM (e.g.,
250 Hz, 500 Hz, 1 kHz, 2 kHz, and 4 kHz) were identified
during the insertion of the CI electrode (Figure 3A, data
P3 not shown). P3 is not shown in Figure 3 as results are
similar. Moreover, CM were still present after the com-
plete insertion of the CI electrodes (Figure 3C), indicating
that the mechanics of the outer hair cells were still func-
tioning effectively. Additionally, phase changes in CM
amplitude (Figure 3C, panel 2) and increased/dropped
FFT amplitude at a given frequency, which were depen-
dent on the depth of the electrode, were also observed.
Further investigation is necessary to determine the rela-
tionship between these changes and to identify any de-
pendencies on electrode insertion progress.
Figure 4 illustrates exemplary the E-ABR response of P2
(P1/P3 not presented here) with the recording electrodes
positioned at E2 (apical), E5 (medial) and E10 (basal).
In P2, electrical pulses between 600 and 1,200 cu with
an interval of 200 cu were applied for each electrode.
The results demonstrate that the amplitude of the Jewett
wave V exhibited an increase with the application of in-
creasing electrical stimulation. In addition, the neural
thresholds for P2 can be approximated to be between
600 and 800 cu (Figure 4). This suggests that the elec-
trical stimulation successfully stimulates auditory struc-
tures in the brainstem, thus enabling subsequent pro-
cessing and development of speech perception abilities.
The efficacy of cochlear implantation (CI) for the rehabil-
itation of patients diagnosed with ANSD, when the exact
location of lesions is unclear, is a subject of ongoing de-
bate among experts in the field [10]. The efficacy of CI is
reduced when the lesion is located at the level of the
nerve itself, such as in cases of cochlear nerve deficiency
(CND)/postsynaptic lesions, as opposed to within the
cochlea or at the synapse between nerves/presynaptic
lesions [3], [11], [12]. The intraoperative measurements
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Figure 3: Intracochlear electrocochleographic (ECochG) recording during the insertion of the electrode P1 (1) and P2 (2)
(screenshot, Maestro 904 v 4.1 (MED-EL, Innsbruck, Austria)). Upper: Broadband chirp stimulus, 97 dB HL. Lower: 500 Hz pure
tone burst, 115 dB HL. A. CM amplitude during insertion, recording electrode 1. The frequency-specific CM amplitude was

estimated bymeans of a Fast Fourier Transformation (FFT) of the CM response (C) from the beginning to the end of the insertion.
Color coding: red 250 Hz, yellow 500 Hz, light green 1 kHz, dark green 2 kHz, cyan 4 kHz. Panel A: Labels with numbers indicate
depth of electrode insertion. E12 marks the point of complete insertion. Panel B: Response latency during insertion. Panel C:
CM responses (recording electrode 1) during electrode insertion, commencing from the top (four electrodes inserted in P1; six
electrodes inserted in P2) and progressing to the bottom. CM responses are typically sustained even after the complete electrode

has been inserted (data for P3 not shown as results are similar).
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enable a differential diagnosis of the perisynaptic (post-
sensory but preneural) disorder and lead to the conclusion
directly at the end of the surgical procedure that the CI
fitting of the patient affected by ANSD is very likely to be
successful.
Figure 5 depicts the intracochlear ECochG results (P1) in
sweep electrodemode (stimulus: broadband chirp). Each
electrode (E1-E12) is employed for CM-recording. Inter-
estingly, the results at four months post-surgery demon-
strate an enhancement in the CM response to 250 Hz
(panel 2A, red line), when recording at basal electrodes
E10-E12. In contrast, the responses to 1 kHz (green line)
showed a notable reduction at E10.

4 Conclusion
The cases presented here demonstrate that CI implan-
tation represents a viable treatment option for rehabilitat-
ing patients with presynaptic disorders, such as synapto-
pathy and dysfunction of the inner hair cells. ANSD was
characterized by normal CM with absent CAP/Jewett
Wave I in the ECochG test and missing Jewett wave V in
the ABR test. While ECochG can be employed to substan-
tiate the diagnosis of ANSD, it is not a sufficient method
for determining the precise location of lesions. The E-CAP
test after CI provision is a straightforward method for
evaluating the integrity of the auditory nerve (Jewett
Wave I)/spiral ganglion. In addition, the E-ABR is a valu-
able diagnostic tool that allows examination of the audi-
tory pathway, from the cochlea to the brainstem, with the
objective of ensuring the electrical stimuli reach the
brainstem, following the insertion of the CI electrode.
Furthermore, intracochlear ECochG monitoring offers
valuable insights for surgeons and audiologists in the
assessment of cochlear health, particularly with regard
to the preservation of residual hearing. Nevertheless, the
results remain open to interpretation and are not yet
suitable for reliable hearing monitoring during surgery.
This report presents a preliminary account of a few initial
clinical observations, which, by their nature, cannot fulfill
the requirement of systematic completeness. Further
studies are required to investigate the relationship
between changes in the ECochG response and insertion
trauma leading to hearing loss.

Notes

Conference presentation

This contribution was presented at the 26th Annual Con-
ference of the German Society of Audiology and published
as an abstract [13].
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Figure 4: E-ABR responses P2. A: apical (E2). B: medial (E5).
C: basal (E10). Stimulation electrode: neighbouring electrodes

6/8GMS Zeitschrift für Audiologie - Audiological Acoustics 2025, Vol. 7, ISSN 2628-9083

Marwan et al.: Intraoperative objective measurements in synaptopathy/ ...



Figure 5: Upper: Intracochlear ECochG sweep recording (E1 to E12, P1, intraoperatively). Lower: four months post surgery.
Broadband chirps were used as acoustic stimuli. Panel A: CM FFT-Amplitude E1 (left) to E12 (right). Color coding: red 250 Hz,
yellow 500 Hz, light green 1 kHz, dark green 2 kHz, cyan 4 kHz. B: response latency. C: CM recordings of E1–E12 from top to

bottom (sweep electrode)
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