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ABSTRACT

Objective: Severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) is a viral infection that could affect inner ear and related structures. This study aims to
evaluate the effect of SARS-CoV-2 on intracochlear electrode impedances in cochlear implant users.

Methods: Thirteen cochlear implant (Cl) users were included who recovered from SARS-CoV-2. All of the participants were atleast 1 year Cl users and 3 of them
bilateral user. Telemetry/impedance values were gathered after SARS-Cov-2 recovery from Cl users. Three different impedance values obtained at different times were
compared in pairs, 2 before and 1 after SARS-CoV-2 for apical, medial, and basal intracochlear electrode groups. The first comparison was between pre-1 and post,
and the second comparison was between pre-2 and post.

Results: While a statistically significant difference was obtained in the apical region only in the first comparison (P=.046), no statistically significant difference was
obtained in the second comparison (P=.798). The statistically significant difference was not found in both first and second comparisons made for the medial region
(P=.938, P=.744, respectively). Statistically significant difference was obtained in both first and second comparisons made in the basal region (P=.007, P=.004,
respectively). In the measurements with statistically significant difference, the impedance values obtained after SARS-CoV-2 were higher than the values obtained
before SARS-CoV-2.

Conclusion: Since the tissue density is higher in the basal region, the inflammation caused by SARS-CoV-2 in the cochlear structures mainly affects the electrodes in
the basal region. As a viral infection, SARS-CoV-2 may be result in changes in telemetry/impedance values for intracochlear electrodes.
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Introduction

In December 2019, cases of mass pneumonia of unknown cause emerged in Wuhan, China. It resulted in the identification of a novel coronavirus and
associated disease, named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), as coronavirus disease 2019 (COVID-19). Common symptoms
are cough, fever, gastrointestinal system disorders, and fatigue.! Additionally, hearing loss and tinnitus were reported as uncommon symptoms.?

It was known that several viral infections such as herpes simplex, hepatitis, the rubella virus, and enteroviruses can cause changes in the inner
ear and sometimes result in hearing loss.>* Some viral infections may directly damage inner ear structures. Others may induce inlammatory
responses that subsequently cause this damage. Still, others may increase susceptibility to bacterial or fungal infection, leading to hearing loss.
Hearing loss can occur following several hypotheses, including direct or indirect damage to inner ear structures, as well as host immune-mediated
damage. Virus-induced hearing loss is generally sensorineural type.’?

There are various mechanisms to explain the SARS-CoV-2-related audio-vestibular symptoms. In patients affected by SARS-CoV-2, the risk of systemic
thrombosis increases.> Transient sudden sensorineural hearing loss (SSNHL) occurs when the thrombus occludes the cochlear-vestibular artery or
one of its afferents, while mild hearing loss or tinnitus occurs in case of rapid resolution of the thrombus. Despite the rapid resolution, temporary
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hypoxia in the cochlea could cause extra damage to the hair cells by
stressing the inner ear cells, causing an increase in the concentration
of reactive oxygen species (ROS).® Another hypothesis is that the central
auditory pathways, especially the auditory cortex, may go through the
same process as the inflammatory process observed due to SARS-CoV-2
in the olfactory area.”

It was inferred that SARS-CoV-2, like other viruses, damages the
inner ear structures and auditory system of individuals.® Severe
acute respiratory syndrome coronavirus 2 infects the host using the
angiotensin-converting enzyme 2 (ACE2) receptor, which is expressed
in many organs, including the lung, heart, kidney, and intestine.’
The virus enters the cell via the ACE2 receptor and provides exces-
sive cytokine release. The virus can infect many organs, including
the central nervous system, peripheral nervous system, and audi-
tory cortex, causing neuritis and cochleitis.®'® Thus, it damages the
hearing pathways of individuals. In the peripheral auditory system,
it can cause direct viral damage to the organ of Corti, stria vascu-
laris, and spiral ganglion.> In some patients with SARS-CoV-2, an
increase in high-frequency pure-tone thresholds and a decrease in
transient-evoked otoacoustic emission amplitude and SSNHL have
been observed."

Cochlear implant (Cl) is an implantable prosthetic device used to
provide hearing rehabilitation in adults and children with severe to
profound hearing loss who cannot benefit from conventional hearing
aids. Cochlear implants consist of 2 main parts which are external and
internal. Telemetry measurements are a routine evaluation to assess
the integrity and impedance of the intracochlear electrode array.
Intracochlear electrode impedances are routinely recorded, often in
common ground or monopolar configurations at the beginning of the
fitting session. Impedance is the resistance value encountered by the
electrical current sent by the Cl, passing through the electrodes and
biological tissues. In order to provide stimulation with CI, the imped-
ance of the intracochlear electrodes must be within a certain value
range (1-15 kQ) to provide optimum electrical stimulation. Changes
in intracochlear electrode impedances can be caused by various prob-
lems such as tinnitus, vestibular dysfunction, and loss of residual
hearing." In animal studies, it has been found that the change in the
tissues around the electrode or in the endolymphatic fluid composi-
tion leads to an increase in the contact impedance. This change in
impedance affects the efficiency and quality of neural stimulation.™
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There are various reported causes for intracochlear electrode incre-
ments. After implantation, an increase in impedance occurs due
to tissue growth and protein adsorption over the electrode array.™
Additionally, the formation of fibrous tissue capsules around the elec-
trode array and the formation of inflammatory cells also cause an
increase in impedance."

In the recent literature, there is only 1 study with 2 participants exam-
ining the effect of SARS-CoV-2 on electrode impedance. Saki et al'
reported that 2 Cl users who had SARS-CoV-2 showed speech percep-
tion deterioration in quiet and noisy environments. In the audiometric
evaluation, it was found that there was at least a 20 dB decrement in
the free-field hearing thresholds in the 0.5-4 kHz range. During the
electrode impedance measurement, most of the electrodes were found
to have open or short circuits; furthermore, reliable neural response
telemetry responses could not be obtained from either patient.

Based on these findings, the aim of the current study is to evaluate the
effect of SARS-CoV-2 on telemetry/impedance values on intracochlear
electrodes. For this purpose, the telemetry results which are obtained
before and after SARS-CoV-2 and the changes between measurements
were compared.

Methods

This study was approved by the Local Ethics Committee of the
Hacettepe University Non-Interventional Clinical Researches Ethics
Board (Approval no: GO 21/725, Date: June 2021). Written informed
consent was also obtained from all the patients who participated in
this study. All participants presented written informed consent in
accordance with the Declaration of Helsinki.

Patients

Participants aged 4-45 years who had been using Cls for at least 1 year
were included in the study on a voluntary basis. Also, all of the partici-
pants had SARS-CoV-2 during the pandemic period, had positive poly-
merase chain reaction (PCR) tests, and were negative for the last 2 PCR
tests. A total of 13 participants (10 unilateral, 3 bilateral users, and 16
ears), who met the inclusion criteria, were included in the study. All of
the participants had normal inner ear structures. The mean age of the
participants was 13.24 + 12.6 (minimum 4.02, maximum 44.16), and
the mean age of having Cl surgery was 8.20 £ 13.44 (minimum 1.01,

Table 1. Demographic Information

Participant Gender Age (years) (q] Cl Side Age at Cl (years) Sound Processor SP Strategy
P1 F 8 Cochlear Left 7 Nucleus-7 ACE
P2 F 5 Cochlear Bilateral/R 1 Kanso ACE
Cochlear Bilateral/L 2 Kanso ACE
P3 M 5 Cochlear Bilateral/L 2 Kanso ACE
Cochlear Bilateral/R 2 Kanso ACE
P4 F 26 Cochlear Right 24 Kanso-2 ACE
P5 M 8 AB Left 1 Neptune HIRES S
P6 F 15 Med —EL Left 1 Opus-2 FS4
P7 M 4 Med-EL Right 1 Sonnet FS4 P
P8 F 39 Med-EL Left 38 Sonnet FS4
P9 M 17 Med-EL Right 3 Sonnet Fs4 P
P10 M 12 Med-EL Right 1 Sonnet FS4 P
P11 M 5 Med-EL Left 3 Sonnet FS4
P12 M 44 Med-EL Right 40 Rondo FS4 P
P13 F 5 Med-EL Bilateral/R 2 Sonnet FS4 P
Med-EL Bilateral/L 2 Sonnet FS4 P

AB, Advanced Bionics; ACE, advanced combination encoder; F, female; FS4, fine structure processing; FS4 P, FS4 parallel stimulation; HIRES S, hi resolution-

sequential; M, male; SP, sound processor.
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maximum 40.36). Participants reported that they only had mild fever
and cough symptoms during the period they had SARS-CoV-2, they did
not have any symptoms related to the audio-vestibular system, and
they did not use medications during this period. The participants did
not report any dramatic changes during the illness period. The demo-
graphic data of participants are shown in Table 1.

Equipment

Each CI brand uses different software for impedance/telemetry mea-
surements and for CI fitting. Telemetry measurement is one of the
most used parameters to assess the impedance of the intracochlear
electrodes and is commonly used to determine the integrity of the Cl
device during and after surgery.

Method

Since the number of intracochlear electrodes is different in each Cl
brand, statistical analysis was performed by dividing the intracochlear
electrodes into 3 groups as apical, medial, and basal. For the Cochlear
Nucleus©, the apical group is 22-21-20-19-18-17-16-15, the medial
group is 14-13-12-11-10-9-8, and the basal group is 7-6-5-4-3-2-1.
Electrode distribution for Med-EL Cls was accepted as apical group 1-2-
3-4, the medial group 5-6-7-8, and the basal group 9-10-11-12. For
Advanced Bionics, the apical group is 1-2-3-4-5-6, the medial group
is 7-8-9-10-11, and the basal group is 12-13-14-15-16. After dividing
these groups, mean impedance values were calculated for the apical,
middle, and basal. Among the obtained groups, the impedance values
obtained from 2 telemetry evaluations made before SARS-CoV-2 and
the impedance values obtained from the telemetry evaluation per-
formed after SARS-CoV-2 were compared. Within-subject comparison
was made for the mean changes (1) between the pre-1 and after SARS-
CoV-2 values; (2) between the pre-2 and after SARS-CoV-2 values; and
(3) between the 2 that were before (pre-1 and pre-2) the SARS-CoV-2.

Statistical Analysis

Jeffreys's Amazing Statistics Program, version 0.16.1 (University of
Amsterdam, Holland), was used for statistical analysis. The average
telemetry/impedance values of the electrodes specified for the apical,
medial, and basal groups were calculated. For nonparametric evalu-
ations, Wilcoxon paired-sample t-test was used for comparison; the
P-value was significant if P < .05.

Results

The mean and SD values of the telemetry results were obtained from
16 ears, for apical, medial, and basal group electrodes (2two before
SARS-CoV-2, 1one after SARS-CoV-2, and 3 different measurements
in total) are shown in Table 2. The telemetry evaluation of the par-
ticipants before they got the coronavirus was named pre-1 and the

Table 2. Telemetry Values Before and After Severe Acute Respiratory
Syndrome Coronavirus 2

N Mean SD
Apical Post 16 9.018 3.644
Pre-1 16 9.262 3.849
Pre-2 16 8.966 3.188
Medial Post 16 7.297 3.088
Pre-1 16 7.219 3.010
Pre-2 16 7.264 2.620
Basal Post 16 8.506 2.579
Pre-1 16 8.080 2.341
Pre-2 16 7.862 2.330

Post, post SARS-CoV-2; pre-1, just before SARS-CoV-2; pre-2, oldest values;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

evaluation made before this evaluation was named pre-2 (the oldest
values). The telemetry values, pre-SARS-CoV-2.1 and pre-SARS-CoV-2.2,
are obtained approximately in the 6- to 9- month period before SARS-
CoV-2, and the telemetry values post-SARS-CoV-2 are obtained approxi-
mately in the 1- to 2- month period after SARS-CoV-2.

In the statistical analysis, the impedance values obtained from the
electrodes in the apical, medial, and basal groups after SARS-CoV-2
were compared with the impedance values obtained in 2 telemetry
measurements made before SARS-CoV-2.

When the impedance values obtained from the electrodes in the apical
group were compared, there was a significant difference between post-
SARS-CoV-2 and pre-1 (P=.046; P < .05), while there was no significant
difference between post-SARS-CoV-2 and pre-2 (P=.798; P > .05). It
was observed that the post-SARS-CoV-2 impedance values were higher
than pre-1. It is also noteworthy that there was no significant differ-
ence between the pre-1 and pre-2 impedance values obtained from
the electrodes in the apical group (P=.079; P > .05).

When the post-SARS-CoV-2 impedance values obtained from the
medial group electrodes were compared with the pre-1 and pre- 2 val-
ues, no statistically significant difference was found (P=.938, P=.744;
P > .05). In addition, no significant difference was observed between
the pre-1and pre-2 impedance values obtained from the medial group
electrodes (P=.211, P> .05).

When the post-SARS-CoV-2 impedance values obtained from the basal
group electrodes were compared with the pre-1 and pre-2 values, a
statistically significant difference was obtained in both comparisons
(P=.007, P=.004, P < .01, respectively). Similar to the apical group,
post-SARS-CoV-2 impedance values were observed to be higher than
both pre-1 and pre-2. However, when pre-1 and pre-2 were com-
pared, there was no statistically significant difference (P=.144, P >
.05) (Table 3).

For Med-EL ClI, Ground Path (GP) impedance is another important
parameter. Therefore, GP values were also compared for Med-EL Cl
users. There was no statistically significant difference between the
impedance values obtained for GP in telemetry measurements after
SARS-CoV-2, pre-1, and pre-2 SARS-CoV-2.2 (P=.498; P=.611, P=.192;
P> .05).

Discussion

As previously mentioned, there are various mechanisms involved in
the occurrence of SARS-CoV-2-related audio-vestibular symptoms.
These mechanisms can be summarized as the formation of systemic

Table 3. Comparison of Telemetry Results of Intracochlear Electrodes
Before and After Severe Acute Respiratory Syndrome Coronavirus 2

Measure 1 Measure 2 w Z-score P
Apical post Apical Pre-1 29.00 -2.017 .046*
Medial post Medial Pre-1 70.00 0.103 938
Basal post Basal Pre-1 121.00 2.741 .007%*
Apical post Apical Pre-2 65.00 0.284 .798
Medial post Medial Pre-2 61.00 —0.362 744
Basal post Basal Pre-2 121.00 2.741 .004**
Apical pre-1 Apical Pre-2 58.00 0.345 .079
Medial pre-1 Medial Pre-2 43.00 -1.293 211
Basal pre-1 Basal Pre-2 97.00 1.5 144

post, post SARS-CoV-2; pre-1, just before SARS-CoV-2; pre-2, oldest values;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

*P < .05, Wilcoxon signed-rank test.
**p < 01, Wilcoxon signed-rank test.




thrombosis (resulting in increased ROS concentration), and the inflam-
matory process in the central auditory pathways.®”

In the recent literature, it is reported that the impedance values for
Med-EL Cls remain constant as of the postoperative third month.'
Similarly, it was reported that after postoperative third or sixth months,
intracochlear electrode impedance values remain stable for Cochlear
Nucleus©." In order to control normal changes in impedance values,
only patients using Cl for more than 1 year were included in this study.
In this current study, although there were no dramatic impedance
changes, there were statistically significant differences in the basal and
apical regions before and after the Sar-CoV-2. The statistically signifi-
cant difference in the basal and apical groups shows that SARS-CoV-2
itself has an effect on impedance values.

Generally, tissue density decreases from basal to apical direction in
the cochlea.” It is known that SARS-CoV-2 causes inflammation in
cochlear tissues.” The resulting inflammation causes an increase in
the resistance encountered by the intracochlear electrodes. Since
the tissue density is high in the basal region, it can be thought that
the impedance values increase especially in the basal region. In the
study conducted by Saki et al.,”> they had the chance to evaluate
both participants in the acute phase of SARS-CoV-2. Participants
generally complained of cough, fever, or sore throat. They also
reported significant decreases in speech intelligibility and auditory
performance before and after SARS-CoV-2. Besides these findings,
open-circuit or short-circuited electrodes in half of the channels
were found. In this current study, the participants were evaluated
after the recovery process. For this reason, we could not observe
changes in impedance in the acute period. It should also be noted
that SARS-CoV-2 causes different effects on each individual. It should
be considered that this patient-specific effect may lead to differences
in results.

Saki et al.,” reported that the participants had complaints of
decreased speech intelligibility and auditory performance, but none
of the participants in this study had any complaints about audio-
vestibular symptoms. The authors speculated that these symptoms
were caused by a decrease in sound quality as a result of an open
or short circuit in many of the intracochlear electrodes. However, in
this study, no open or short circuit was observed in any of the par-
ticipants. For this reason, it is an expected finding that there was no
decrease in speech intelligibility or auditory performance in any of
the participants.

This study has some limitations. The first one is the sample size. The
free-field thresholds of the Cl user could not be included due to prob-
lems experienced during the pandemic. In addition, participants could
not be evaluated in the acute phase. In order to evaluate the real effect
of SARS-CoV-2 on impedance, it is thought that evaluations that can
be made in the acute period may yield more precise results. Another
limitation of this study is that the control group was not included. It
is known that there are undiagnosed individuals who had SARS-CoV-2,
especially in the pediatric group, because PCR tests cannot be applied
to several individuals. Considering these reasons, the control group
was not included in order to avoid the possibility of including undi-
agnosed positive individuals in the control group and creating a con-
founding effect on the findings.

Conclusion

In accordance with the findings of this current study, it is thought that
SARS-CoV-2 has an effect on the impedance values. In this period, cli-
nicians should be careful about the problems that may arise due to
impedance changes.
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