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Background
Cochlear implant (CI) is an electronic device that provides direct electrical
stimulation to the auditory division of the eighth cranial nerve. The integrity of
the internal CI part after implantation can be assessed through objective measures,
which are a widely used and valuable tool in the field of CIs. Impedance
measurement and electrically evoked compound action potential (ECAP) are the
most frequently used tests to facilitate programming of the implants especially in
young children.
Aim
This study was carried out to compare ECAP thresholds and electrode impedance
at the time of surgery, at the first stimulation session, and monthly for the next 2
months to assess whether a significant change take places with time.
Patients and methods
Fifteen deaf children implanted unilaterally with a MED-EL Sonata Implant System
with an Opus 2 speech processor were included in this study. All patients received
the implant if they fulfilled the Alexandria main hospital criteria for receiving CIs. The
group studied included sevenmales and eight females; they ranged in age from 2 to
6 years. Two of the patients had received implantation in the left ear, whereas the
rest of the patients had received a CI in the right ear.
Results
Intraoperative impedance was the lowest among all postoperative readings in all
electrodes. The highest value was that measured 1month after surgery, after which
impedance values continued to decrease significantly, but not to the intraoperative
values. The ECAP threshold showed no significant P values between the ECAP
threshold measured in the intraoperative and the postsurgery follow-up period.
Conclusion
The measured impedance showed significant changes in the form of increasing
values postoperatively relative to the intraoperative time. The ECAP threshold did
not change significantly intraoperatively and postoperatively, showing that
intraoperative ECAP can be useful in mapping as it shows no changes.
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Introduction
Cochlear implantations are nowadays considered
an optimal solution option in profoundly hearing
impaired populations as it has a high successful rate
when preceded by thorough preoperative evaluations
and preparations.

In cochlear implant (CI) users, each CI electrode
interacts with nearby neurons in a particular way and
this quality of the interaction is also expected to be a
relevant factor according to the position and
surrounding of the electrode inside the cochlea, the
spread of electrical current to the neurons, and the local
neural survival pattern [1].

Three manufacturers provide CI systems in the US
markets and have received FDA approval: Advanced
Bionics (Los Angeles, California, USA), Cochlear
ed by Wolters Kluwer - Med
Americas (Centennial, Colorado, USA), and MED-
EL (Innsbruck, Austria). All of the systems developed
by these manufacturers include an internal implanted
device and an external part, which is the speech
processor [2].

The integrity of this CI can be assessed intraoperatively
and followed postoperatively through objective
measures. These objective measures are used widely
and are nowadays considered a valuable tool in the field
of CIs because intraoperatively, they are used as the
first indicator of successful implant placement and after
surgery, they are used to guide the individual fitting of
know DOI: 10.4103/ejo.ejo_56_17
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stimulation parameters, especially in young children,
and also to monitor implant integrity each time the
patient is tested [3]. These tests can be performed easily
because they are noninvasive and measurement can be
repeated as needed [4].

Also, this telemetry system provides information on the
functionality of the CI, the electrical current
interaction between electrodes, the impedance and
the functionality of each electrode [5].

The most objective electrophysiological tests (telemetry
tests) that are currently available and used by most CI
programmers include telemetric measurement of
electrode impedance, recording of the electrically
evoked compound action potential (ECAP), in
the cochlear nerve observation of the stapedial
reflex, and electrically evoked auditory brain stem
response [4].

The electrode impedance is a method of measuring
resistance encountered by electricity while passing
through wires, electrodes, and biological tissue. It is
calculated as the ratio of effective voltage applied to a
particular circuit and the actual amount of electrical
power intensity absorbed by the circuit. The unit of
impedance is the Ω [6].

Henkin et al. [7] found that impedance values decreased
significantly after the first stimulation (fitting) and that
values remain stable 1 month after fitting.

However, Wolf-Magele et al. [8], studied 45 patients
who received a CI; 40 patients were examined 2 weeks
after the surgery. No statistically significant differences
were found between the intraoperative, the 2-, and 6-
week postoperative impedance measurements for each
channel, and it was concluded that earlier activation
can be recommended.

The ECAP threshold is defined as the mean of the
lowest positive response and the highest negative
response measurements [9].

A typical ECAP pattern consists of two waveforms: a
negative wave with a latency of 0.2–0.4ms named (N1)
and a positive peak or wave with a latency of 0.6–0.8ms
called (P1) [10].

Close to the compound action potentials in
electrocochleography, the ECAPs are the sum of
multiple neuron spikes, reflecting the neural
synchronization after electrical stimulation, and can
be obtained by a bidirectional stimulation-recording
system through the implanted multichannel electrodes
[11].

The ECAP test software from MED-EL was
generated as auditory nerve response telemetry
(ART), using the alternating polarity method for
artifact rejection, and received approval from the
FDA in 2007 [11].

Measurements of ECAP thresholds intraoperatively
and postoperatively in the previous studies indicated
that significant changes between the intraoperative and
postoperative measures may or may not occur.

Lai et al. [12] and Tanamati et al. [13] reported no
significant difference in ECAP thresholds in the first 12
monthsof theuseof implants; they reporteddataobtained
from a larger group of adult and pediatric CI users.

However, Gordon et al. [14] reported that ECAP
thresholds measured at first stimulation were
significantly decreased compared with those measured
intraoperatively, with no significant difference in ECAP
thresholds at later time points. Their data were collected
from a group of children, and the same findings were
reported byTelmesani et al. [15] in a groupof 25 children.
Rationale
To date, few researches have compared the ECAP
thresholds and impedance of the electrodes recorded at
surgery, and their consistency during the postoperative
period in patients receiving MED-EL cochlear
implantable devices. Therefore, the aim of this study
was to monitor ECAP Thresholds and the electrode
impedance determined in the operation room, at initial
fitting, and two time points after the initial stimulation
a month apart to determine whether there is a
significant difference in the values with time or not.
Patients and methods
Data were collected from 15 deaf children who were
implanted unilaterally with a MED-EL Sonata
Implant System with an Opus 2 speech processor.

All patients received implantation after they fulfilled the
Alexandria main hospital criteria for receiving CIs. All
childrenhadbeenusinghearing aids for aminimumtime
period of 3 months before undergoing implantation and
had received speech rehabilitation.

Our study group included sevenmales and eight females
and their ages ranged from 2 to 6 years (the mean age at
the time of implantation was 3.42±1.17 years). Two of
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these patients received an implant in the left ear, whereas
the other patients received a CI in the right ear.
Methods
The ‘activation’ of the CI electrodes was performed 1
month after the surgery (to insure complete wound
healing), which was the first activation time. Thus
sending an electrical signal through the auditory
nerve passing within the 12 intracochlear electrodes,
and then the follow-up measurements were continued.

The electrode impedance and auditory response
telemetry (ART) telemetry recordings were collected
using MED-EL Maestro system software 2014, 6.0.1
version (Insbruke, Austria), to collect intraoperative
and postoperative measurement values.

Connector cables between the external antenna and the
max programming interface that was connected to a
computer were used for bidirectional information
recording of electrode impedance telemetry and ART
(ECAP).
Impedance measurement

In this study, electrode impedance was measured
intraoperatively. The results were accepted when the
electrode impedance was less than 15 kΩ. If the
electrode impedance exceeded 20 kΩ, the results
were discarded because this reflects an open circuit.

Themeasurementwas repeated in the initial stimulation
visit (fitting) at two time points 1 month apart.

The impedance for all electrode pairs (channels) was
calculated after the end of the second phase of biphasic
stimulation pulses. The pulses used were qualitatively
identical to pulses used for the normal stimulation
mode of the implant.

The impedance was measured in the common ground
mode. Values were considered normal when they were
between 0.2 and 20 kΩ. Electrodes with electrical
problems such as short circuits, ‘short’ (<0.2 kΩ),
and open circuits, ‘open’ (>20 kΩ), were not selected.

Electrically evoked compound action potential

measurements

During the intraoperative period, theARTwas recorded
in selected electrodes E1, E5, E8, E11, andE12 because
of restricted operating durations, and continued to be
recordedpostoperatively; theparticipantswere evaluated
at the following three time points:
(1)
 One month after the operation.
(2)
 Two months after the operation.

(3)
 Three months after the operation.
The parameters for ECAP recording were a maximum
pulse of 500 CU and if no response was obtained, this
was increases to 700 CU and recorded again, a phase
duration of 35 μs, and an amplitude value of 8. The
current level of the masking noise was fixed at 10U
above the stimulation level.

Recorded ART values had to have an identifiable ART
waveform response, even though it is known that
responses are increasingly less robust in the electrical
threshold.
Statistical analysis [16]
Data were fed to the computer and analyzed using the
IBM SPSS software package version 20.0 (IBM Corp,
Armonk, New York, USA) [17]. Qualitative data were
described using number and percent. The
Kolmogorov–Smirnov test was used to verify the
normality of distribution. Quantitative data were
described using range (minimum and maximum),
mean, SD, and median. The significance of the
results obtained was judged at the 5% level.

The used test was analysis of variance with repeated
measures. For normally quantitative variables, to
compare between two or more periods or stages, and
post-hoc test (LSD) for pairwise comparisons.
Results
Data from 15 children implanted with a MED-EL CI
were collected in this work; seven were males and eight
were females.

The youngest patient was 2 years old and the oldest
patient was 6 years old when surgery was performed.
All of the children had received implantation
unilaterally in the right ear, except two patients, who
received an implant in the left ear with full insertion of
a standard electrode array (Tables 1 and 2).

Figure 1 shows that intraoperative impedance was the
lowest among all postoperative readings in all
electrodes. The highest value was that measured 1
month after surgery, after which impedance values
continued to decrease significantly, but not the
intraoperative values.

In Fig. 2, no significant changes in ECAP threshold
were observed in the intraoperative period, and 1, 2,
and 3 months after surgery. Although basal electrodes



Table 1 Demographic data

N (%)

Sex

Male 7 (46.7)

Female 8 (53.3)

Age (years)

<5 13 (86.7)

≥5 2 (13.3)

Minimum–maximum 2.0–5.75

Mean±SD 3.42±1.17

Median 3.0

Figure 1

Comparison between impedance in different periods (n=15).

Figure 2

Comparison between different periods according to auditory nerve
response telemetry (ART) (n=15).

Table 2 Distribution of the studied cases according to site of
implants (n=15)

Sites of implant N (%)

Left 2 (13.3)

Right 13 (86.7)
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(E11 and E12) showed different patterns in the form of
no response intraoperatively and in the first stimulation
period, ECAP thresholds were observed 2months after
surgery that were stable to the last reading, which was
during the session in the third month.
Discussion
The aim of this work was to compare the electrode
impedance and the ECAP threshold in patients with a
unilateral CI over time.

The measurements were performed at four different
intervals: at the time of the operation, during the
stimulation session 1 month after surgery, 2 months
after surgery, and 3 months after implantation. The
measurements were carried out in 15 children ranging
in age from 2 to 6 years at the time of implantation. An
impedance value was obtained from all electrodes with
no open or short circuits. The ECAP threshold was
measured for electrodes 1, 5, 8, 11, and 12, which
represent apical, middle, and basal cochlear turns.
Impedance analysis
Our work indicated that the first-month postoperative
electrode impedance showed a significant increase and
started to decrease over the next 2 months in correlation
to the intraoperative values. This increase in values could
be attributed to the physiological changes and fibrosis
that occur within the cochlea after electrode insertion.
These findings were in agreement with studies carried
out comparing intraoperative and postoperative
impedances by Manolache et al. [4] and Sainz et al.
[5], who reported an increase in the postoperative
measured impedance compared with intraoperative
values, and this was attributed to the physiological
changes and fibrosis because of surgical trauma [9].
Electrically evoked compound action potential
threshold
When the ECAP threshold was measured in our study
at the time of the operation and at 1, 2, and 3 months
postoperatively the results showed insignificant
changes in values comparing both intrasurgical and
postsurgical measures. However, the mean ECAP
threshold remained stable in all measured intervals
with a mild increase in the ECAP threshold of basal
electrodes 11 and 12.

Studies carried out by Lai et al. [12] and Tanamati et al.
[13] reported no significant differences in the ECAP
Thresholds during the first 12months usingCIs, either in
adults or in children, and this was in agreement with our
results.

However, Hughes et al. [9] studied 35 children and 33
adults with CIs between November 1996 and August
1999, and on comparing the EAP threshold, they
found different results. After the 1–2-month follow-
up visits, children showed significant increases in EAP
thresholds, whereas these same measures in adults
remained relatively stable.
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Also, Brown et al. [18] studied the same parameters
and their results showed that ECAP thresholds and
growth functions changed very little over a 5–6-year
observation period, concluding that long-term use of a
CI is not likely to have a significant negative impact on
the response of the peripheral part of the auditory
system. However, pediatric CI receivers were found
to have, on average, higher ECAP thresholds and
steeper ECAP growth functions than postlingually
deafened adults who received CIs.
Conclusion
This research was carried out to identify whether there
is a difference in telemetry measurements (impedance
and ECAP) in populations with profound
sensorineural hearing loss (SNHL) implanted
unilaterally with MED-EL CIs. Both measurements
were performed intraoperatively, 1 month after
implantation (fitting cession), and 2 and 3 months
after surgery. The study group included 15 children
who ranged in age between 2 and 6 years at the time of
the operation.

Measurements were collected from all electrodes for
impedance and from ECAP, it was only collected for
electrodes 1, 5, 8, 11, and 12, which represent the
cochlear apical, middle, and basal turns.

Impedance measurements showed a significant increase
1 month after surgery compared with intraoperative
measurements and decreased significantly during the
subsequent time points up to 3 months after surgery.

There was no significant difference between the ECAP
threshold obtained in the intraoperative period and 1,
2, and 3 months after surgery, although basal electrode
11 showed different patterns in the form of no response
intraoperatively and in the first stimulation period, but
started to show ECAP thresholds less than or equal to
700 CU 2 months after surgery that remained stable
thereafter.
(1)
 Because of differences in the follow-up durations
and the groups studied in the telemetry
measurements, studies with larger CI populations
and longer durations must be carried out.
(2)
 ECAP measurements have to be performed in all
electrodes to identify whether they show significant
changes.
(3)
 These measurements could be performed by
comparing different CI models.
(4)
 Impedance measurements should be carried out
at each follow-up time point till stabilization of
values.
(5)
 The ECAP threshold obtained intraoperatively is
valuable for interpreting map in children.
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