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Introduction

The cochlear implant (CI) is the treatment of choice for the
(re)habilitation of individuals with severe and profound
sensorineural deafness.1 The CI partially replaces the function
of the cochlea, transforming sound energy into electrical
signals. Its function depends on the integrity of the cochlear
nerve to conduct electrical stimuli to the cerebral cortex.2

The ganglion cells of the auditory nerve effectively respond
to electrical stimuli released by the CI. Therefore, the number,

distribution, and function of these neural cells represent
determinant factors in relation to successful use of the CI.3

Therefore, the possibility to obtain information related to the
permeability of the cochlear nerve to electrical stimulation
data and the way in which some parameters of electrical
stimulation interact with the neural structures are very
important for research involving the CI, cochlear nerve, and
causes of hearing loss.2

Neural response telemetry (NRT) captures the action
potential of the distal portion of the auditory nerve (ECAP)
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Abstract Introduction Neural response telemetry (NRT) is a method of capturing the action
potential of the distal portion of the auditory nerve in cochlear implant (CI) users, using
the CI itself to elicit and record the answers. In addition, it can alsomeasure the recovery
function of the auditory nerve (REC), that is, the refractory properties of the nerve. It is
not clear in the literature whether the responses from adults are the same as those from
children.
Objective To compare the results of NRT and REC between adults and children
undergoing CI surgery.
Methods Cross-sectional, descriptive, and retrospective study of the results of NRT
and REC for patients undergoing IC at our service. The NRT is assessed by the level of
amplitude (microvolts) and REC as a function of three parameters: A (saturation level, in
microvolts), t0 (absolute refractory period, in seconds), and tau (curve of the model
function), measured in three electrodes (apical, medial, and basal).
Results Fifty-two patients were evaluated with intraoperative NRT (26 adults and 26
children), and 24 with REC (12 adults and 12 children). No statistically significant
difference was found between intraoperative responses of adults and children for NRTor
for REC’s three parameters, except for parameter A of the basal electrode.
Conclusion The results of intraoperative NRT and REC were not different between
adults and children, except for parameter A of the basal electrode.
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in patients with CI (Nucleus CI, Cochlear Corporation,
Australia), using the CI itself to generate stimuli and to record
responses.3 The ECAP wave is typically formed by a negative
peak (N1), with �0.2- to 0.4-millisecond latency, followed by
a positive peak (P2), with 0.5- to 0.7-millisecond latency. The
response amplitude (measured between N1 and P2) varies
with increasing stimulus intensity and is measured in micro-
volts (ranging between 40 and 2,000 μV).1

One way to assess the temporal processing capacity of a CI
user is to measure the refractory properties of the auditory
nerve, that is, the recovery function of the auditory nerve
(REC). RECs are extracted from the neural response amplitude
as a function of the interval between the stimulus and the
masker stimulus (interpulse interval) and can be measured
with NRT using the subtraction technique.4,5

The routine clinical applications of NRT are: (1) to confirm
correct implant function and electrode array insertion by
obtaining the ECAPs; (2) to track implant function over time;
(3) to assist thefitting process byusing the ECAP thresholds as
estimation of audible stimulus levels and loudness.6 Other
implications are estimating channel interaction, degree of
neural refractoriness, and auditory system status. The telem-
etrymethod has several advantages over other methods, such
as obtaining larger amplitudes and prevention of muscle
artifacts, and it can be done quickly and effectively.2

Studies have shown variation in the threshold and growth
curve of the ECAP wave amplitude between individuals and
between different etiologies of deafness.1,7 It is not clear in
the literature, though, whether the responses from adults are
the same as or differ from children. It is assumed that one
should find differences in assessments of children compared
with adults due to several factors such as duration of
deafness, the maturation of the auditory pathways, and
others.

It has been suggested that the human auditory system
reaches maturity between 1 and 3 years of age. In this
scenario, children with implants would undergo electrical
stimulation on immature auditory pathways, and adults, in
already mature pathways. Children with implants would
therefore have their maturation influenced by electrical
stimulation of the CI. On the other hand, adults may have
long periods of deafness in relation to children, being subject
to varying degrees of nerve degeneration in the auditory
pathways from lack of stimulation.8

Therefore, the objective of this study is to compare the
results of NRT and REC between adults and children under-
going CI surgery intraoperatively.

Methods

This study was approved by the Ethics Committee on Human
Research of our hospital under CAAE: 13157113.4.0000.5529.
This is a cross-sectional and descriptive study of the results of
telemetry patients receiving CIs in our hospital in the year
2012. The sample included patients undergoing CI surgery
who underwent intraoperative NRT, without limits of age, of
both sexes. Exclusion criteria were patients who underwent
surgery but did not undergo intraoperative NRTor who failed

(had no response) in assessment of impedance telemetry or in
obtaining intraoperative ECAP.

Measurements were obtained during CI surgery through
computer software NRT Custom Sound EP 3.2 (3.2.3855),
connected to the portable programming unit and speech
processor and the transmission antenna of the CI (software
developed by Cochlear Corporation). We used apical, medial,
and basal electrodes (1, 11, and 22) for the telemetry response
measures and the t0 (absolute refractory period, in seconds),
A (saturation level, inmicrovolts), and tau (curve of themodel
function) measures for the calculation of the exponential
function of neural recovery for groups of children (0 to 18
years) and adults (>18 years). The NRT measurements con-
sisted of ECAP threshold and ECAP recovery function meas-
urements. ECAP thresholds were measured automatically
using AutoNRT.

The current level used for the recordings of REC was 15 to
20 units of current above the current level at which the NRT

Table 1 Demographic data for neural response telemetry
patients: adults

Patient Age (y) Cause of
deafness

Duration of
deafness

1 39 Idiopathic 10 y

2 21 Congenital rubella Lifetime

3 30 Idiopathic 11 y

4 26 Idiopathic 9 y

5 42 Congenital rubella Lifetime

6 30 Idiopathic 10 y

7 22 Idiopathic 8 y

8 46 Idiopathic 12 y

9 31 Idiopathic 11 y

10 65 Idiopathic 12 y

11 24 Genetic 8 y

12 32 Congenital rubella Lifetime

13 46 Meningitis 25 y

14 19 Idiopathic 8 y

15 34 Idiopathic 10 y

16 41 Idiopathic 11 y

17 69 Meniere syndrome 10 y

18 39 Idiopathic 9 y

19 83 Presbycusis 5 y

20 22 Idiopathic 8 y

21 37 Idiopathic 9 y

22 18 Idiopathic 8 y

23 51 Idiopathic 11 y

24 21 Idiopathic 9 y

25 46 Idiopathic 12 y

26 32 Idiopathic 11 y
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was obtained in each stimulated electrode (apical, medial,
and basal), only 20 units being used if there was need for
higher current to obtain the neural response and not cause
saturation of the amplifier. The parameters of the amplifier
gain and delay used for this study were the same as deter-
mined by the series of optimization of the electrode stimula-
tion frequency of 80 Hz according to Lai.9 The probe rate was
80 Hz between stimuli, and 20 MPI (masker probe interval)
measurements were performed from 100 to 10,000 μs. In
some cases, it was necessary to perform manual corrections
of the measurement of N1/P2; in others, the calculations
given by the software were used.

The Custom Sound EP software automatically converts
measurement of the recovery function (REC) in an exponen-
tial function:

Recovery of function = A(1 − exp((−1/tau)(MPI − t0))) 

The comparison between NRT and REC averages between the
two groups (children versus adults) and statistical analysis

was performed using Student t test and Mann-Whitney test,
with p < 0.05 considered significant.

Results

Fifty-two patients were assessed (26 children and 26 adults)
for NRT and 24 patients (12 children and 12 adults) for the
REC. The minimum age was 9 months, and the maximum
83 years. The mean age of childrenwas 4.15 � 2.92 years and
for adults, 37.12 � 16.22 years.

Causes of impairment in the NRT adults (26 patients)
included one case of genetic cause, three causes of congenital
rubella, one case of presbycusis, one case of meningitis, and
one case of late stage Meniere syndrome, and all the other
causes were idiopathic. On the other hand, the children (26
patients) included six cases of genetic cause, one case of
meningitis, and one case of encephalitis, and all the others
were of idiopathic cause (►Tables 1 and 2).

In the REC adults (12 patients), there was one case of
genetic cause, two cases of late-stage otosclerosis, and one
case of congenital rubella. The children (12 patients) included
four cases of genetic cause and the others were idiopathic
causes (►Tables 3 and4).

No patient failed in obtaining impedance response during
the surgery, showing that the electrodes were positioned
correctly.

The results of intraoperative NRT are shown in ►Table 5,
for the apical, medial, and basal electrodes. There was no
significant difference between the NRT results between
adults and children.

The results of the REC were evaluated for t0, A, and tau for
the apical, medial, and basal electrodes and are show
in ►Tables 6, 7, and 8. For the three parameters, there was
no significant difference, except for the level of saturation of
the basal electrode.

Table 2 Demographic data for neural response telemetry
patients: children

Patient Age Cause of
deafness

Duration of
deafness

1 11 y Idiopathic Lifetime

2 1 y Idiopathic Lifetime

3 4 y Idiopathic Lifetime

4 1 y Idiopathic Lifetime

5 1 y Idiopathic Lifetime

6 4 y Idiopathic Lifetime

7 2 y Idiopathic Lifetime

8 4 y Idiopathic Lifetime

9 3 y Genetic Lifetime

10 9 y Genetic Lifetime

11 10 y Idiopathic Lifetime

12 (bilateral) 2 y Genetic Lifetime

13 3 y Genetic Lifetime

14 (bilateral) 2 y Genetic Lifetime

15 5 y Idiopathic Lifetime

16 5 y Idiopathic Lifetime

17 9 y Idiopathic Lifetime

18 2 y Idiopathic Lifetime

19 4 y Meningitis 2 y

20 3 y Idiopathic Lifetime

21 5 y Idiopathic Lifetime

22 9 mo Genetic Lifetime

23 4 y Encephalitis 1 y

24 8 y Idiopathic Lifetime

Table 3 Demographic data for recovery function of the
auditory nerve: adults

Patients Age (y) Cause of
deafness

Duration of
deafness (years)

1 41 Idiopathic 11

2 46 Idiopathic 12

3 46 Idiopathic 12

4 41 Otosclerosis 8

5 30 Idiopathic 10

6 39 Idiopathic 10

7 19 Idiopathic 8

8 39 Idiopathic 9

9 43 Otosclerosis 8 y

10 22 Idiopathic 8

11 24 Congenital rubella Lifetime

12 30 Genetic 5 y
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Discussion

A CI for severe to profound sensorineural hearing loss unre-
sponsive to hearing aids may be indicated for both children
and adults, according to the criteria proposed in the guide-
lines. There is a great variability among the candidates for CI

in relation to age, type of deafness, hearing deprivation,
speech production, and communication skills. Speech per-
ception and word recognition tests assess the subjective
result of the implant, which is the ability to enable commu-
nication skills. However, there is no standardization of these
tests in our country, making it difficult to compare results
among research centers.10 In this scenario, an objective test,
characteristic of the CI model such as NRT, has great value in
the evaluation and comparison of data among individuals,
and it is easy to standardize analysis and interpretation
among research centers.11

Because it does not require external electrodes, the NRT is
less susceptible to myogenic interference and needs fewer
stimuli to trigger the ECAP. Assessment during surgery with
either general or local anesthesia with sedation allows better
evaluation of the responseswithout causing discomfort to the
patient by increasing the current units needed to unleash the
potential.1 Furthermore, the NRT through the ECAP is a direct
way to evaluate in vivo the functional characteristics of
ganglion cells and other auditory neural structures. Knowl-
edge of the function of these structures is essential for the
development of improved technologies and increasing
knowledge of the different etiologies of deafness.3 Yet there
are not many studies on the cochlear nerve function, espe-
cially in comparison between adults and children.

The action potential measured by NRT reflects the syn-
chronized firing of many auditory nerve fibers and consists of
the sum of the electrical activity of hundreds of neurons. As

Table 4 Demographic data for recovery function of the
auditory nerve: children

Patients Age (y) Cause of
deafness

Duration of
deafness

1 1 Genetic Lifetime

2 2 Genetic Lifetime

3 3 Idiopathic Lifetime

4 13 Idiopathic Lifetime

5 5 Idiopathic Lifetime

6 2 Idiopathic Lifetime

7 3 Idiopathic Lifetime

8 1 Genetic Lifetime

9 10 Idiopathic Lifetime

10 3 Genetic Lifetime

11 8 Idiopathic Lifetime

12 2 Idiopathic Lifetime

Table 5 Comparison of neural response telemetry results between adults and children according to electrode

Patients n Average current units

Min–max Average SD p value (t test)

Apical electrode Adults 26 84–225 181.12 34.54 0.28

Children 26 90–218 171.15 30.40

Medial electrode Adults 26 146–236 191.69 18.56 0.51

Children 26 112–225 195.54 22.69

Basal electrode Adults 26 104–243 193.96 32.67 0.17

Children 26 121–220 182.54 25.76

Abbreviations: Min, minimum; max, maximum; SD, standard deviation.

Table 6 Comparison of mean absolute refractory period between adults and children

Patients n Mean absolute refractory period (µs)

Min–max Average SD p value (Mann-Whitney test)

Apical electrode Adults 12 184.43–1011.02 498.64 262.89 0.40

Children 12 131.21–1667.18 527.28 409.29

Medial electrode Adults 11 333.38–1040.90 636.06 252.93 0.44

Children 12 270.38–1471.89 598.56 305.04

Basal electrode Adults 12 31.97–770.51 477.99 225.74 0.20

Children 12 73.59–666.89 428.20 171.34

Abbreviations: Min, minimum; max, maximum; SD, standard deviation.
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ECAP occurs immediately after stimulus presentation, it is not
affected by the maturation of the auditory system.

Gordon et al found higher amplitudes of the ECAP and
lower latency in children comparedwith postlingual adults.12

These differences were attributed to auditory deprivation
time or number of stimulated neurons. In our study, we found
a secluded difference between the amplitudes of the satura-
tion level between children and adults only in the basal
electrode.

Studies have shown that periods of slower recovery and
lower amplitudes were found in basal electrodes. These
changes were attributed to the fact that the electrodes
stimulate a smaller population of neurons, due to the greater
distance of the cells or to a smaller number of surviving cells
in this portion because of the neurosensory deafness it-
self.7,12 On the other hand, a more recent study found that
slower ECAP recovery, at equal loudness, is associated with
larger neural populations.5

The importance of determining thresholds, amplitude, and
refractory properties of the responses of the action potential
of the VIII nerve may indicate differences in the neural
population of individuals, and even on the auditory percep-
tion performance.1 But conflicts in results among studies
show that there is still a need for more research regarding
this subject. Measures of both the NRT and the REC in
combination may be important indicators of success with
the CI.7 Therefore, more studies about them and their corre-
lation to clinical data are indispensable.

Conclusion

No differences were found in measures of NRT and REC
intraoperatively between adults and children, except for
the level of saturation at the basal electrode.

References
1 Guedes MC, Brito Neto RV, Gomez MV, et al. Neural response

telemetry measures in patients implanted with Nucleus 24. Braz J
Otorhinolaryngol 2005;71(5):660–667

2 Ferrari DV, Sameshima K, Costa Filho OA, Bevilacqua MC. Neural
response telemetry on the nucleus 24 multichannel cochlear
implant system: literature review. Rev Bras Otorrinolaringol
2004;70(1):112–118

3 Tanamati LF, Bevilacqua MC, Costa OA. Longitudinal study of the
ecap measured in children with cochlear implants. Braz J Otorhi-
nolaryngol 2009;75(1):90–96

4 Kutscher K, Goffi-Gomez MV, Befi-Lopes DM, Tsuji RK, Bento RF.
Cochlear implant: correlation of nerve function recovery, auditory
deprivation and etiology. Pro Fono 2010;22(4):473–478

5 Botros A, Psarros C. Neural response telemetry reconsidered: II.
The influence of neural population on the ECAP recovery function
and refractoriness. Ear Hear 2010;31(3):380–391

6 Botros A, Psarros C. Neural response telemetry reconsidered: I. The
relevance of ECAP threshold profiles and scaled profiles to cochle-
ar implant fitting. Ear Hear 2010;31(3):367–379

7 Gantz BJ, Brown CJ, Abbas PJ. Intraoperative measures of electri-
cally evoked auditory nerve compound action potential. Am J Otol
1994;15(2):137–144

Table 7 Comparison of mean saturation level between adults and children

Patients n Mean saturation level (µV)

Min–max Average SD p value (Mann-Whitney test)

Apical electrode Adults 12 13.72–229.84 101.50 68.35 0.27

Children 12 26.37–278.98 136.50 93.22

Medial electrode Adults 11 20.83–193.02 83.96 55.02 0.16

Children 12 29.92–509.37 131.66 125.57

Basal electrode Adults 12 16.17–216.40 57.07 53.46 0.02

Children 12 38.41–146.25 76.98 34.35

Abbreviations: Min, minimum; max, maximum; SD, standard deviation.

Table 8 Comparison of the curvature parameter of the model function (µs) between adults and children

Patients n Curvature parameter of the model
function (µs)

Min–max Average SD p value (Mann-Whitney test)

Apical electrode Adults 12 16.60–1967.28 853.68 609.84 0.14

Children 12 430.79–1856.67 1086.15 432.02

Medial electrode Adults 11 24.43–1846.94 1073.66 653.96 0.14

Children 12 1076.69–1956.13 1464.97 233.58

Basal electrode Adults 12 11.64–1870.72 607.35 595.07 0.06

Children 12 246.48–1623.40 929.38 516.12

Abbreviations: min, minimum; max, maximum; SD, standard deviation.

International Archives of Otorhinolaryngology Vol. 19 No. 1/2015

Intraoperative Neural Response Telemetry Carvalho et al.14



8 Gordon KA, Papsin BC, Harrison RV. An evoked potential study of the
developmental time course of the auditory nerve and brainstem in
children using cochlear implants. Audiol Neurootol 2006;11(1):7–23

9 Lai W. An NRT Cookbook: Guidelines for Making NRT Measure-
ments. 1st ed. Zürich, Switzerland: Cochlear AG; 1999

10 Bento RF, Brito Neto R, Castilho AM, Gomez VG, Giorgi SB, Guedes
MC. Auditory results with multicanal cochlear implant in patients
submitted to cochlear implant surgery at University of São Paulo

Medical School–Hospital das Clínicas. Rev Bras Otorrinolaringol
2004;70(5):632–637

11 Miller CA, Brown CJ, Abbas PJ, Chi SL. The clinical application of
potentials evoked from the peripheral auditory system. Hear Res
2008;242(1–2):184–197

12 Gordon KA, Ebinger KA, Gilden JE, Shapiro WH. Neural response
telemetry in 12- to 24-month-old children. Ann Otol Rhinol
Laryngol Suppl 2002;189:42–48

International Archives of Otorhinolaryngology Vol. 19 No. 1/2015

Intraoperative Neural Response Telemetry Carvalho et al. 15


