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Aims: Cochlear implant (Cl) is a widely accepted device to patients
with severe to profound sensorineural hearing loss to replace the
normal hearing pathway. Since a portion of the device is implanted

under the skin, possible immune alteration may occur. Our aim was to
assess the production of some selected pro-inflammatory and anti-
Cochlear Implant, Immune Reaction, inflammatory cytokines in patients with cochlear implants and their
Telemetry, Electrical Compound Action impact on hearing outcomes.

Potential Material and Methods: Our study was conducted on 25 cochlear
implanted patients who were subjected to IL-1pB, IL2, IFN-y and IL6
laboratory assessment preoperatively, postoperatively, 6 months after
Cl and 2 vyears after Cl. Simultaneously, impedance and neural
response telemetry (NRT) were measured and the data were analyzed
statistically in relation to the laboratory findings.

Results: No statistically significant difference was found between the
levels of cytokines at different times of assessment except a significant
increase of IL-1f at first fitting postoperatively in comparison to
preoperative sample. Also, no statistically significant difference was
found as regards values of impedance and NRT except a significant
decrease of postoperative measures of NRT in comparison to
intraoperative measures without any malfunction.

Conclusion: There is a minimal immune alteration immediately after
CI without any functional affection which may be attributed to the
trauma of the implantation surgery rather than foreign body immune
response.
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Introduction:-

Cochlear implant (Cl) is a surgically implanted device to provide a person with moderate to profound sensorineural
hearing loss a modified sense of sound. Cl bypasses the normal acoustic hearing process to replace it with electric
signals which directly stimulate the auditory nerve. A person with a cochlear implant receiving intensive
auditorytrainingmaylearntointerpretthosesignalsassound and speech (Clark, 2015).
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Cochlear implants have external (outside) parts and internal (surgically implanted) parts that work together to allow the
user to perceive sound. The internal (implanted) parts include a receiver and electrodes. The receiver is just under the
skin behind the ear. The receiver takes the coded electrical signals from the transmitter and delivers them to the array
of electrodes that have been surgically inserted in the cochlea. The electrodes stimulate the fibers of the auditory nerve,
and sound sensations are perceived (Bajaj et al., 2005).

The biologic response to the presence of a biomaterial, whether metal, ceramic or polymeric, is of critical importance
to the long-term function of a biomedical implant. It has become clear that although biomaterials may be
biocompatible, they are not bio-inert and that a foreign body response is common or universal (Anderson et al., 2008).

Metal-on-metal implants can entail serious complications due to release of wear particles from the implanted material.
Metal wear particles presumably activate local host defense mechanisms, which cause a persistent inflammatory
response with destruction of bone followed by loosening of the implant (Nadol et al., 2008). The use of cochlear
implants involves the following materials coming into contact with the human body: silicone, platinum, titanium and
ceramics. Platinum is used as the electrode contact. For the Teflon-coated wires between the receiver/stimulator and
the electrode contacts, platinum/iridium 90/10 is used. The wires are embedded in silicone, and thus do not come into
contact with human tissue. The electronics within the implant body are housed in a tightly sealed casing which—
depending on manufacturer and implant series—is made of either ceramics or titanium (Stéver and Lenarz2009).

Intra-operative monitoring during cochlear implant surgery is a tool to assess integrity of the equipment used and to
assess the progress of array introduction and proper placement of the array with subsequent assessment of proper
functioning of the device. Furthermore, Intra-operative monitoring is used as a preliminary tool for subsequent ClI
mapping later on especially for difficult to test patients (Coasetti, 2014).

Two measurements are used: Impedance and Neural response telemetry. Impedance in general refers to the resistance
to the flow of energy through any medium. In CI electrode impedance refers to the measure of the opposition to
electrical current flow across an electrode and thus, it is influenced by the electrode contact and the electrode lead that
is coupled to the contact as well as by the medium surrounding the lead (Wolfe and Schafer 2015).

Impedance measurements are carried out both intraoperative and postoperative during switch-on. These measurements
check whether all electrodes function correctly. The analysis of the change in impedance gives an idea about what
happens in tissues and liquids of the inner ear around the electrode. In Cochlear implant, the communication between
the internal component of implanted electrode and the external speech processor signal is monitored or checked via
Custom Sound Software (Wesarg et al., 2014).

Neural Response Telemetry (NRT) gives us clear information about the impedance of the electrode, electrodes
position, electrical problems likeshort circuit and open circuit. In addition, failure of electrode during the time of
surgery and post- surgery can be monitored (Schulman, 1995). NRT is a method of measuring resistance encountered
by electricity passing through wires, electrodes and biological tissue. It is calculated as the ratio of the effective voltage
applied to a particular circuit and the actual amount of electrical power intensity (Finley et al., 2008).

Lymphocytes can play a crucial role in the peri-implant "debris-reactivity" environment as well. It is well recognized
that T and B lymphocytes are present in peri-implant tissues. The sub types of T cells that dominate implant debris
associated responses are T-helper (TH) and not T cytotoxic/suppressor (TC/S). Of the TH cells present, TH1 cells
predominate as characterized by production of IFN-y and IL-2. These TH responses have been characterized as type 1V
delayed type hypersensitivity (DTH) DTH response to metal implant debris is an adaptive slow cell mediated type of
response. Metal-antigen sensitized and activated DTH T-cells release various cytokines which recruit and activate
macrophages (Seyyedi and Nadol 2014). Such immune response to implants is commonly reported in many studies.

Objectives: -

The aim of work was to monitor the production of some selected pro- inflammatory and anti-inflammatory cytokines in
patients who undergo cochlear implantation and correlate these changes to the hearing outcomes through detection of
significant changes in cochlear implant measurements, impedance and neural response telemetry as a result of inner ear
pathology after implantation.
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Subjects and Methods: -

This study included 25 cochlear implanted patients. Institutional Review Board approval was obtained. Eligibility
criteria included the presence of severe to profound sensorineural hearing loss bilaterally and residual hearing
thresholds measured by auditory brainstem response or pure-tone audiometry according to patient age in the clinic.
Approval for CI by the multidisciplinary team at the Hearing and Speech Institute Imbaba, Giza, Egypt according to
established clinical criteria was obtained.

ClI devices from two companies (Advanced Bionics and Med-El) approved by the US Food and Drug Administration
were eligible to be included in this study.

Impedance measures are done to the array in package aiming at diagnosis of electrode array integrity before being
used. Impedances in package are normally high (HI) and abnormality here is: presence of short circuits between any
number of electrodes. After electrode insertion, open circuit is usually caused by faulty electrode contacts which will
lead to a measurable impedance value at an infinity value indicating that larger amount of current is needed to measure
impedances in this specified electrode or may be an indication of broken electrode leads.

Testing impedance multiple times or conditioning (passage of low current through the array) may improve high
impedances in Operating room.

Intraoperative impedances were measured on selected electrodes during closure of the incision and before electrically
evoked compound action potential measurements. Postoperative impedance was measured during first fitting, on every
session of programming and 6 months post operatively.

The ECAP test software from MED-EL was generated as auditory nerve response telemetry (ART) while software
from Advanced Bionics was generated as Neural response imaging (NRI).

Neural response Telemetry (NRT) was recorded intra operatively to measure the ECAP thresholds (NRT) on selected
electrodes, as a routine part of the cochlear implantation surgery. ECAP measurement took place after implantation of
the cochlear implant intraoperatively and 6 months later using Auto-NRT software.

For the assessment of the laboratory parameters, four samples were taken from each patient: first sample was taken one
hour pre-operatively. The second sample was taken during the first fitting while the third was 6 months after
implantation and the fourth was 2 years postoperatively. Five ml of venous blood were collected from each subject in
each session in a plain tube, allowed to clot for 30 minutes and then centrifuged at 3000 round per min (rpm). The
serum from each subject was collected individually and stored at -20°C as a liquots until use. All these samples were
subjected to quantitative determination of IL-1p, IL-2, IFN-y and IL-6 by the use of kits provided by Biosource
Diagnostic Europe S.A., Belgium.

The principle of this assay depends on ELISA technique using an immobilization antigen, circulating antibody and
enzyme-linked specific antibody (Engall 1980). The absorbance was read spectrophotometry at 450-490 nm with
reference filter 630-650 nm. ELISA technique was done using semi-automated ELISA system (TC,96, USA). The
concentrations were calculated using computer software capable of generating a four-parameter algorithm.

Ethical consent: informed written consent was taken from the parents.

Statistical Analysis:

Results are expressed as mean * standard deviation. Comparison between variables measured intraoperatively and after
6 months of operation in the same group was performed using Wilcoxon Signed Ranks test. Comparisons between the
lab parameters in the 4 samples with respect to normally distributed numeric variables were done using one-way
analysis of variance (ANOVA) followed by Bonferroni posthoc test. Bonferroni correction for p value was used to
adjust for multiple testing as appropriate. All p-values are two sided. Statistical Package for Social Sciences (SPSS)
computer program (version19 windows) was used for data analysis. P value < 0.05 was considered significant.

Results: -
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Comparison between the four tested blood samples as regards the tested immunological parameters (IL1B, IL2, IFN
and 1L6) revealed that the differences were statistically not significant (Table 1&Fig.1,2,3,4).

Table (1): - Statistical comparison between mean values of the four samples as regards IL-1f, IL-
2, IFN-y and IL-6.

ANOVA test
. 1 2 F-ratio p-value
2 st n N 4t
S d
cc% Sample sar(rjl le sanr: le
Sample P P
5.15+3.34 7.44 £4.43 7.09+4.39 5.62+3.15 2.08 0.11
-ILIP . . . .
(pg/ml)
8+4.14 7.67+£3.83 7.37£3.7 7.44+3.58 0.14 0.94
L2
(pg/ml)
55+23.51 52.7421.5 55.67+21.86 52.58+22.13 0.13 0.94
IFNy
(pg/ml)
30.04+10.65 29.51+9.92 28.9+9.32 27.53+10.78 0.28 0.84
IL6
(pg/ml)

N=25, Data are presented as mean +SD

P > 0.05 is considered statistically non-significant, P < 0.05 is considered statistically significant.

Figure 1:- Statistical comparison between mean values of the four samples as regards IL-1p.
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(2):- Statistical comparison betweenmean values ofthe four samples as regards IL-2.
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Figure 3:- Statistical comparison between mean values of the four samples as regards IFN-y.
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Figure 4:- Statistical comparison between mean values of the four samples as regards IL-6.
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Table 2: - Post hoc test between the 4 samples for each parameter.
LSD (p-value)
nd
1stvs 2 1§tn\j/s vsl4s':h anvs 2ndvs 3rdvs
3 4th 4th
0.04* 0.08 0.66 0.75 0.1 0.18
IL1B
(pg/ml)
0.76 0.56 0.6 0.78 0.83 0.95
IL2
(pg/mi)
0.72 0.92 0.7 0.64 0.99 0.63
IFNy
(pg/ml)
0.86 0.69 0.39 0.83 0.49 0.64
IL6
(pg/mi)
P > 0.05 is considered statistically non-significant, P < 0.05 is considered statistically
significant.
Bonferroni post hoc test was performed to compare the mean value of each 2 samples individually for
each parameter. No significant differences were observed except when thelsample was compared to
the 2" sample for IL-1B (p < 0.05). The second sample was significantly higher than thels‘one (Table2).
Table 3: - Comparison between values of both impedance and NRT measured intraoperatively and after
6 months in the studied group (number of electrodes=16 advanced Bionics cochlear implant.
Intra operative (n=10) After 6 months(n=10) Ztest p value
Impedance 4.61 + 5.02 + -0.764 0.445
3.30 1.16
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NRT -2.805 0.005*
186.70+52.80 139.60+53.42

Data are expressed as mean + SD, Z= Wilcoxon Signed Ranks test.
P>0.05 is considered statistically non-significant, P<0.05 is considered statistically significant.

Table (4): - Comparison between values of both impedance and ART measured intraoperatively and
after 6 months in the studied group (number of electrodes=12 MEDEL cochlear implant).

Intra operative (n=15) After6 months (n=15) Ztest p value
Impedance 5.92+0.84 6.20 £ 0.85 -1.580 0.114
ART 17.26 £ 3.18 12.97+2.47 -2.803 0.004*

Data are expressed asmean + SD, Z= Wilcoxon Signed Ranks test.
P>0.05 is considered statistically non-significant, P<0.05 is considered statistically significant.

No statistically significant difference was found between values of impedance intraoperatively and 6 months post
operatively. As regards NRT a significant difference was found between intra and post-operative measures for the
two types of cochlear implant devices (Table 3&4).

Discussion: -

Cochlear implants (CI) have been considered well-tolerated and biocompatible auditory prostheses with a low rate
of complications that can restore the hearing of the patients with severe to profound hearing impairment (Benattiet
al., 2013, Ding et al., 2009, Ray et al., 2004, Venail et al., 2008). Nevertheless, a number of case reports stated that
a pronounce inflammatory/allergic reaction to cochlear implants resulted in implant failure, extrusion, explantation
or re-implantation (Franz et al., 2011, Kunda et al., 2006, Puri et al., 2005).

Cochlear implantation is always accompanied by surgical injury, which initiates an acute inflammatory response to
the electrode. The acute phase of inflammation may be replaced by a chronic phase due to a foreign body reaction
induced by components of the electrode array involving macrophages and their derivatives (Anderson et al., 2008,
Kunda et al., 2006, Kumar et al., 2010, Rubin et al., 2011).

Inflammatory responses to implant debris overtime have been attributed to macrophage reactivity and have been
the primary focus of investigation over the past 40 years. Recent studies demonstrate a predominance of M1
macrophages in response to implant debris challenge (released metal ions and particles), which produce primarily
proinflammatory mediators that affect other local cell around implants. It has been shown that macrophages release
a host of M1 associated cytokines after contact with wear debris. These include IL-1a, IL-1p and IL-6 (Migirov et
al., 2007).

In the current study, our goal was to detect any possible immunological alteration after Cl and correlate these
changes to the hearing outcomes. We tested the levels of IL1B, IL2, IFN and IL6 (one hour pre-operatively, during
the first fitting, 6 months and 2 years after implantation) and correlated these changes to the hearing outcomes
through detection of any significant changes in cochlear implant measurements, impedance and neural response
telemetry as a result of inner ear pathology after implantation.

No statistically significant difference was found between values of impedance intraoperatively and 6 months
postoperatively with no reported cases of short or open circuit during the same duration reflecting absence of
Intracochlear lesions.

Although no statistically significant difference was found as regards values of impedance, an increase in values was

reported which may be attributed to the physiological changes and fibrosis that occur within the cochlea due to
surgical trauma, finding in agreement with Manolacheet al. (2012).
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Our results also agreed with Hamada et al. 2016 who referred this increase in level to the absence of electrical
stimulation prior to initial activation of the device post operatively and reported general decrease in values over

time but not reaching intra operative measurements levels.

Regarding neural response telemetry, the two types of Cl devices showed a significant difference between intra
and post-operative measures with the fact of absence of any malfunction or cases needing re implantation due
to cochlear implant failure. Results revealed that intraoperative recorded thresholds came higher than those
recorded 6 months postoperatively. This statistically significant decline in thresholds came in agreement with
several other studies (Gordon et al., 2004, Spivak et al., 2011, Telmesani and Said 2016, Youssif, et al. 2018).

The same findings were observed as regards the serum values of the tested immunological parameters. No
significant changes were found between their levels before ClI and during 2 years of follow up, except for the
IL1 B levels during the first fitting when compared to its preoperative levels without any clinical or
audiological positive findings.

An Inflammatory response after cochlear implantation is more common at the cochleostomy site than distal to
it, suggesting the role of trauma of insertion as a contributing factor (O’Malley et al., 2017).

An acute inflammatory response promotes secretion of pro-inflammatory cytokines from M1 macrophage
(IL1B) which in turn may promote sensory cell loss by apoptosis, necrosis, and necrosis-like programmed cell
death. T helper2 and M2 macrophage release anti-inflammatory cytokines that help in cell survival and tissue
remodeling (Bas et al., 2015).

Our results revealed only a significant elevation of the second sample of IL1f in comparison to the first sample
without other significant differences regarding other cytokines. This indicates a soft tissue inflammatory
reaction without hypersensitivity response. However, the inflammation may be due to trauma of insertion
rather than a foreign body immune reaction.

So, our data suggests that the duration of implantation, the type of electrode do not have any correlation with
the severity of cellular reactions. Similarly, Migirov et al. (2007) did not find any association between the
duration of implantation and the presence of foreign body reaction. Nadol et al. (2008) did not find correlation
between the presence of foreign body reaction and duration of implantation, type of electrode and the tissue
used to seal the cochleostomy.

The severity of the cellular immune response has been demonstrated to be negatively correlated with

performance (Choiand Oghalai, 2005) and with the preservation of acoustic hearing following implantation
(O’Leary et al., 2013). N one of our cases reported severe cellular immune response.

Conclusion:-

There is a minimal immune alteration immediately after CI without any functional affection which may be

attributed to the trauma of the implantation surgery rather than foreign body immune response.

References:-

1. Anderson JM, Rodriguez A, Chang DT (2008) Foreign body reaction to biomaterials. Semin

Immunol.20(2):86-100.

2. Bajaj Y, Wyatt M, Hartley B (2005) Small postaural incision for paediatric cochlear implantation. Cochlear

Implants Int. 6(2):77-84.

3. Bas E, Goncalves S, Adams M, Dinh CT, et al. (2015) Spiral ganglion cells and macrophages initiate neuro-

inflammation and scarring following cochlear implantation. Frontiers in Cellular Neuroscience. 9(303):74-86.

4. Benatti A, Castiglione A, Trevisi P, et al. (2013) Endocochlear inflammation in cochlear implant users: case
report and literature review. International journal of pediatric otorhinolaryngology, 77:885-93.

5. Choi CH and Oghalai JS. (2005) Predicting the effect of post-implant cochlear fibrosis on residual hearing.
Hear Res.205:193-200.

6. Clark GM (2015) The multi-channel cochlear Implant: multi-disciplinary development of electrical stimulation

of the cochlea and the resulting clinical benefit. Hearing Research322: 4-13.

294



ISSN: 2320-5407 Int. J. Adv. Res. 10(10), 287-296

7. Coasetti M (2014) Intra-operative monitoring during cochlear implantation. In: Susan BW, J Thomas Roland,
editors. Cochlear implant. Thieme medical publisher; Ch 8. pp. 100-107.

8. Ding X, Tian H, Wang W, et al. (2009) Cochlear implantation in China: review of 1,237 cases with an emphasis
on complications. ORL; journal for oto-rhino-laryngology and its related specialties, 71:192-5.

9. Engall E (1980) Methods in Enzymology, Volume 70, Van Vunakis, H. and Langone, J. J. editors, Academic
Press, New York pp 419-492.

10. Finley CC, Holden TA, Holden LK, Whiting BR, Chole RA, et al. (2008) Role of Electrode Placement as a
Contributor to Variability in Cochlear Implant Outcomes. OtolNeurotol. 29(7): 920-928.

11. Franz S, Rammelt S, Scharnweber D, et al. (2011) Immune responses to implants - a review of the implications
for the design of immunomodulatory biomaterials. Biomaterials. 32:6692—709.

12. Gordon KA, Papsin BC, Harrison RV. (2004) Toward a battery of behavioral and objective measures to achieve
optimal  cochlear implant stimulation levels in children. Ear Hear. 25(5):447-463. Doi:
10.1097/01.aud.0000146178.84065.h3.

13. Hamada S, Omara A, Sefein IK, Younes A. (2016) The impact of electrode type on intraoperative and
postoperative telemetry measures in cochlear implant using different surgical technique. The Egyptian Journal
of Otolaryngology. 32(4):264-70.

14. KumarV, Abbas AK, Fausto N, et al. (2010) Robbins and Cotran pathologic basis of disease. Philadelphia, PA:
Saunders/Elsevier. p. 70-74.

15. Kunda LD, Stidham KR, Inserra MM, et al. (2006) Silicone allergy: A new cause for cochlear implant extrusion
and its management. Otology &neurotology official publication of the American Otological Society, American
Neu. 27:1078-1082.

16. Manolache O, Olariu R, Radulescu L, Cozma S. (2012) Electrical impedances variations values in patients with
cochlear implant. Romanian J Oral Rehabil. 4:22-8.

17. Migirov L, Taitelaum-Swead R, Hildesheimer M, Kronenberg J. (2007) Revision surgeries in cochlear implant
patients: a review of 45 cases. Eur Arch Oto-rhino-laryngol. 264:3-7.

18. Nadol JB Jr, Eddington DK, Burgess BJ (2008) Foreign body or hypersensitivity granuloma of the inner ear
after cochlear implantation: one possible cause of a soft failure? Otol& Neurotol.29:1076— 1084.

19. O’Leary SJ, Monksfield P, Kel G, Connolly T et al. (2013) Relations between cochlear histopathology and
hearing loss in experimental cochlear implantation. Hear Res. 298:27-35.

20. O’Malley JT, Burgess BJ, Galler D, Nadol JB Jr. (2017) Foreign body response to
silicone in cochlear implant electrodes in the human. OtolNeurotol.
38:970-977.

21. Puri S, Dornhoffer JL, North PE. Contact dermatitis to silicone after cochlear implantation. The Laryngoscope.
2005; 115:1760-1762.

22. Ray J, Gibson W, Sanli H. (2004) Surgical complications of 844 consecutive cochlear implantations and
observations on large versus small incisions. Cochlear implants international. 5:87-95.

23. RubinR, Strayer DS, Rubin E. (2011) Rubin's Pathology: Clinicopathologic Foundations of Medicine.
Philadlphia, PA: Lippincott Williams & Wilkins; p. 1464.

24. Schulman JH (1995) Using impedance telemetry to diagnose cochlear electrode history, location and
functionality. Ann OtolRhinolLaryngol. 166 (Suppl): 85-87.

25. Seyyedi M and Nadol Jr JB (2014) Intracochlear inflammatory responses to cochlear implant electrodes in the
human. Otology & neurotology: official publication of the American Otological Society, American Neurotology
Society [and] European Academy of Otology and Neurotology35(9):1545.

26. Spivak L, Auerbach C, Vambutas A, Geshkovich S, Wexler L, Popecki B. (2011) Electrical compound action
potentials recorded with automated neural response telemetry: threshold changes as a function of time and
electrode position. Ear and hearing. 1;32(1):104-13.

27. Stover T and Lenarz T (2009) Biomaterials in cochlear implants. GMS Current Topics in Otorhinolaryngology -
Head and Neck Surgery Vol. 8, ISSN 1865-1011.

28. Telmesani LM, Said NM. (2016) Electrically evoked compound action potential (ECAP) in cochlear implant
children: Changes in auditory nerve response in first year of cochlear implant use.Int J
PediatrOtorhinolaryngol. 82:28-33. Doi: 10.1016/j.ijporl.2015.12.027

29. Venail F, Sicard M, Piron JP, et al. (2008) Reliability and complications of 500 consecutive cochlear
implantations. Archives of otolaryngology--head & neck surgery. 134:1276-1281.

30. Wesarg T, Arndt S, Aschendorrff A, Laszig R et al. (2014) Intraoperative audiological- technical diagnostics
during cochlear implant surgery. HNO. 62(10): 725-34.

295



ISSN: 2320-5407 Int. J. Adv. Res. 10(10), 287-296

31. Wolfe J and Schafer E (2015) Basic terminology in cochlear implant programming. In: Programing cochlear
implant. Plural Publishing; Ch 2. p. 61-91.

32. Youssif, M., Abd Al-Ghaffar, M., A. Moussa, S. (2018). Changes in Intraoperative and Postoperative Neural
Response Telemetry in Cochlear Implant Users. Egyptian Journal of Neck Surgery and Otorhinolaryngology,
4(1), 29-38. doi: 10.21608/ejns0.2018.57892.

296



	Introduction:-

