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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 (CI) users were included who recovered from SARS-CoV-2. All of the participants were atleast 1 year CI users and 3 of them 
bilateral user. Telemetry/impedance values were gathered after SARS-Cov-2 recovery from CI 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.1 Additionally, hearing loss and tinnitus were reported as uncommon symptoms.2

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.3,4 Some viral infections may directly damage inner ear structures. Others may induce inflammatory 
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.1,2

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.5 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).6 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.7

It was inferred that SARS-CoV-2, like other viruses, damages the 
inner ear structures and auditory system of individuals.8 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.9 
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.8,10 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.3 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.10

Cochlear implant (CI) 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 CI, 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 kΩ) 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.11 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.12 

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.13 
Additionally, the formation of fibrous tissue capsules around the elec-
trode array and the formation of inflammatory cells also cause an 
increase in impedance.14

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  al15 
reported that 2 CI 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 CIs 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 CI surgery was 8.20 ± 13.44 (minimum 1.01, 

Table 1.  Demographic Information
Participant Gender Age (years) CI CI Side Age at CI (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 CI 
device during and after surgery.

Method
Since the number of intracochlear electrodes is different in each CI 
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​-20-1​9-18-​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 CIs 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 

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-1 and 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 CI, Ground Path (GP) impedance is another important 
parameter. Therefore, GP values were also compared for Med-EL CI 
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 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.

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.
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thrombosis (resulting in increased ROS concentration), and the inflam-
matory process in the central auditory pathways.6,7

In the recent literature, it is reported that the impedance values for 
Med-EL CIs remain constant as of the postoperative third month.16 
Similarly, it was reported that after postoperative third or sixth months, 
intracochlear electrode impedance values remain stable for Cochlear 
Nucleus©.17 In order to control normal changes in impedance values, 
only patients using CI 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.18 It is known that SARS-CoV-2 causes inflammation in 
cochlear tissues.7 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.,15 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.,15 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 CI 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.

Ethics Committee Approval: Ethical committee approval was received from the 
Non-Interventional Clinical Research Ethics Board of Hacettepe University 
(Approval no: GO 21/725, Date: June 15, 2021).

Informed Consent: Written informed consent was obtained from the partici-
pants who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – M.K.K., C.O.B., B.C.C., G.S.; Design – M.K.K., 
C.O.B., B.C.C., G.S.; Supervision – B.C.C., G.S.; Resources – M.K.K., C.O.B.; Data 
Collection and/or Processing – M.K.K., C.O.B., B.C.C.; Analysis and/or 
Interpretation – B.C.C., G.S.; Literature Search – M.K.K., C.O.B.; Writing 
Manuscript – M.K.K., C.O.B.; Critical Review – B.C.C., G.S.

Declaration of Interests: The authors have no conflict of interest to declare.

Funding: The authors declared that this study has received no financial 
support.

References

1.	 Stawicki SP, Jeanmonod R, Miller AC, et al. The 2019-2020 novel corona-
virus severe acute respiratory syndrome coronavirus 2. J Infect Dis. 
2020;12(2):47-93. [CrossRef]

2.	 Saniasiaya  J. Hearing loss in SARS-CoV-2: what do we know? Ear Nose 
Throat. 2020;100(2):152-154. [CrossRef]

3.	 Mustafa MWM. Audiological profile of asymptomatic Covid-19 PCR-posi-
tive cases. Am J Otolaryngol. 2020;41(3):102483. [CrossRef]

4.	 Kilic O, Kalcioglu MT, Cag Y, et al. Could sudden sensorineural hearing loss 
be the sole manifestation of COVID-19? An investigation into SARS-COV-2 
in the etiology of sudden sensorineural hearing loss. Int J Infect Dis. 
2020;97:208-211. [CrossRef]

5.	 Ali MAM, Spinler SA. COVID-19 and thrombosis: from bench to bedside. 
Trends Cardiovasc Med. 2021;31(3):143-160. [CrossRef]

6.	 De Luca P, Scarpa A, Ralli M, et al. Auditory disturbances and SARS-CoV-2 
infection: brain inflammation or cochlear affection? Systematic review 
and discussion of potential pathogenesis. Front Neurol. 2021;12:707207. 
[CrossRef]

7.	 D'Ascanio  L, Pandolfini  M, Cingolani  C, et  al. Olfactory dysfunction in 
COVID-19 patients: prevalence and prognosis for recovering sense of 
smell. Otolaryngol Head Neck Surg. 2021;164(1):82-86. [CrossRef]

8.	 Fancello V, Hatzopoulos S, Corazzi V, Bianchini C, Skarżyńska MB. SARS-
CoV-2 (COVID-19) and audiovestibular disorders. Int J Immunopathol Phar-
macol. 2021;35:1-8. [CrossRef]

9.	 Varga  Z, Flammer  AJ, Steiger  P, et  al. Endothelial cell infection and 
endothelins in COVID-19. Lancet. 2020;395(10234):1417-1418. [CrossRef]

10.	 Harenberg J, Jonas JB, Trecca EMC. A liaison between sudden sensorineu-
ral hearing loss and SARS-CoV-2 infection. Thromb Haemost. 2020;120(9): 
1237-1239. [CrossRef]

11.	 Shaul C, Bester CW, Weder S, et. al. Electrical impedance as a biomarker 
for inner ear pathology following lateral wall and peri-modiolar cochlear 
implantation. Otol Neurotol. 2019;40(5):e518-e526. [CrossRef]

12.	 Duan YY, Clark GM, Cowan RS. A study of intra-cochlear electrodes and 
tissue interface by electrochemical impedance methods in vivo. Biomate-
rials. 2004;25(17):3813-3828. [CrossRef]

13.	 Newbold C, Richardson R, Millard R, et al. Changes in biphasic electrode 
impedance with protein adsorption and cell growth. J Neural Eng. 
2010;7(5):056011. [CrossRef]

14.	 Ni  D, Shepherd  RK, Seldon  HL, Xu  SA, Clark  GM, Millard  RE. Cochlear 
pathology following chronic electrical stimulation of the auditory nerve: 
I. Normal hearing kittens. Hear Res. 1992;62(1):63-81. [CrossRef]

15.	 Saki N, Karimi M, Bayat A. Cochlear implant failure following COVID-19: 
report of two cases. Am J Otolaryngol. 2021;42(3):102910. [CrossRef]

16.	 Fayed  EA, Zaghloul  HS, Morgan  AE. Electrode impedance changes over 
time in MED EL cochlear implant children recipients: relation to stimula-
tion levels and behavioral measures. Cochlear Implants Int. 2020;21(4):192-
197. [CrossRef]

17.	 Leone  CA, Mosca  F, Grassia  R. Temporal changes in impedance of 
implanted adults for various cochlear segments. Acta Otorhinolaryngol 
Ital. 2017;37(4):312-319. [CrossRef]

18.	 Busby PA, Plant KL, Whitford LA. Electrode impedance in adults and chil-
dren using the Nucleus 24 cochlear implant system. Cochlear Implants Int. 
2002;3(2):87-103. [CrossRef]

https://doi.org/10.4103/jgid.jgid_86_20
https://doi.org/10.1177/0145561320946902
https://doi.org/10.1016/j.amjoto.2020.102483
https://doi.org/10.1016/j.ijid.2020.06.023
https://doi.org/10.1016/j.tcm.2020.12.004
https://doi.org/10.3389/fneur.2021.707207
https://doi.org/10.1177/0194599820943530
https://doi.org/10.1177/20587384211027373
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.1055/s-0040-1714370
https://doi.org/10.1097/MAO.0000000000002227
https://doi.org/10.1016/j.biomaterials.2003.09.107
https://doi.org/10.1088/1741-2560/7/5/056011
https://doi.org/10.1016/0378-5955(92)90203-y
https://doi.org/10.1016/j.amjoto.2021.102910
https://doi.org/10.1080/14670100.2020.1716464
https://doi.org/10.14639/0392-100X-1471
https://doi.org/10.1179/cim.2002.3.2.87

