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Thomas Klenzner, MD, PhD'

ABSTRACT

Objectives: Cochlear implants are an established and proved method for auditory rehabilitation. In addition, neuromodulation
systems for treating severe movement and pain disorders are gaining importance. To date, there is limited information regarding
the concurrent use of the various implanted systems and potential electromagnetic interferences.

In this case series, we assess the simultaneous use of cochlear implants and neuromodulation systems such as deep brain
stimulation (DBS), occipital nerve stimulation (ONS) and peripheral nerve field stimulation (PNFS) on the basis of three retro-
spectively investigated case reports from our clinic.

Materials and Methods: Case 1 is a patient aged 30 years with preexisting DBS system (Medtronic Activa RC, Medtronic, Dublin,
Ireland) for idiopathic dystonia, who underwent cochlear implantation for severe-to-profound hearing loss. Cases 2 and 3 are
patients aged 72 and 57 years, respectively, with cochlear implants in whom a neuropathic pain syndrome developed post-
operatively. After unsuccessful medical and physiotherapeutic therapy, implantation of an ONS stimulator (Nuvectra-Algovita
system, Plano, TX) and a permanent PNFS system with two periauricular electrodes (Boston Scientific WaveWriter R16, Marl-
borough, MA) was performed.

Results: In all three cases, the fitting parameters of the cochlear implant and the postoperative hearing impression were not
affected. In the first case, the patient achieved speech understanding of 65% at 65 decibels sound pressure level (dB SPL) in the
Freiburg monosyllabic test three months after surgery. In the second and the third case, speech comprehension remained good
after ONS and PNFS intervention. DBS stimulation could be continued without complications and the occurrence of neurologic
symptoms. Furthermore, a good and long-term reduction in pain intensity was achieved by implanting the ONS stimulator and
the PNFS system.

Conclusion: This case series shows that the simultaneous use of cochlear implants and other neuromodulation systems seems
possible without complications and disruptive interactions.

Keywords: Cochlear implant, deep brain stimulation, electromagnetic interferences, occipital nerve stimulation, peripheral nerve
field stimulation

INTRODUCTION received a Cl. In Germany, approximately 60,000 of an estimated 1
million potential candidates for Cl have undergone implantation.'~

Cochlear implants (Cl) are an established and proved method for I addition, neuromodulation systems for treating severe move-
auditory rehabilitation." According to the World Health Organiza- ~ Ment and pain disorders are gaining importance.” Thus, deep brain

tion, approximately 5% of the global population is affected by stimulation (DBS) is a neurosurgical intervention used for condi-
hearing loss. Among them, approximately 950,000 individuals have tions such as Parkinson’s disease, idiopathic dystonia, and essential
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tremor when medications are no longer effective.” Research also is
ongoing into treatments for severe psychiatric conditions such as
obsessive-compulsive disorder and depression.” In addition, the US
Food and Drug Administration (FDA) has approved DBS for treating
drug-resistant epilepsy to reduce seizure frequency in adults.®
Occipital nerve stimulation (ONS) and peripheral nerve field stim-
ulation (PNFS) are used in managing neuropathic pain syndromes.”

This implies that the indications for the performance of neuro-
modulation systems have significantly broadened in recent years.®
Simultaneously, the supply of Cls continues to increase in propor-
tion to the increasing life expectancy.' It is expected that a greater
number of patients will require treatment with multiple systems in
the upcoming years.

To date, there is limited information regarding the concurrent
use of the various implanted systems and potential electromag-
netic interferences (EMI). Device manuals for neuromodulation
systems typically detail possible risks of EMI. In the USA, manu-
facturers must report these EMI sources to the FDA, whereas
adverse events can be reported by healthcare professionals and
consumers through the Manufacturer and User Device Facility
Experience (MAUDE) data base. Similarly, in Europe, both manu-
facturers and users are required to report issues, with Germany
using the Federal Institute for Drugs and Medical Devices (BfArM)
for risk notifications.”""

In literature, only a few cases of patients receiving sequential
treatment with a Cl and a DBS system have been described.'*"®
Whether the implanted systems with different stimulation strate-
gies interact with each other and operate without complications in
all situations remains unclear. At the same time, clinical reports
addressing the management of chronic neuropathic pain in
patients with Cl who have not responded to conservative therapy
regimens remain scarce.

CASE SERIES

The parallel use of Cls and neuromodulation systems such as
DBS, ONS, and PNFS is presented based on three retrospectively
investigated case reports from our clinic.

The study was approved by the ethics committee of the Medical
Faculty of the Heinrich Heine University Dlsseldorf on June 7, 2024
(approval number 2024-2909) and accorded with the Declaration of
Helsinki of 1975, as revised in 1983.

Case 1: Right Cl With Bilateral DBS
Material and Methods

A patient aged 30 years with idiopathic dystonia and severe-to-
profound hearing loss presented at our clinic for cochlear
implantation of the right ear. After the initial manifestation, idio-
pathic dystonia was treated with botulinum toxin and baclofen
over a period of five years. Owing to the absence of symptomatic
improvement, a DBS system (Medtronic Activia RC, Medtronic,
Dublin, Ireland) with stimulation electrodes in the globus pallidus
on both sides was subsequently implanted. The implantable pulse
generator (IPG) was positioned subcutaneously on the fascia of the
pectoralis major muscle. To date, the patient’s movement and
coordination disorders have been well-controlled, and a stable
therapeutic effect has been observed overall.

Given treatment with conventional hearing aids was no longer
sufficient owing to the progression of hearing impairment, cochlear
implantation was recommended. For surgical planning, an

evaluation of magnetic resonance imaging (MRI) compatibility was
conducted preoperatively. The DBS implant was deactivated, and
specific manufacturer guidelines for the DBS implant were pro-
vided for the examination. With regular anatomy confirmed by
imaging, the cochlear implantation (Mi1200, Flex 28, MED-EL,
Innsbruck, Austria) of the right ear was successfully performed.

Results

In the first case, the patient was supplied with a Cl of the right
ear with the DBS system deactivated under operation to prevent
potential interferences with the neuromonitoring recordings.
Standard intraoperative measurements were conducted to assess
Cl function, including electrode placement and impedance. Spe-
cifically, this implies that stapedius reflexes, auditory nerve
response telemetry (ART), and impedance measurements were
performed without complications and yielded no abnormal results.
In addition, the position of the Cl electrodes was verified using
intraoperative digital volume tomography (DVT), which is shown in
Figure 1. After the procedure, the DBS system was reactivated
without any impairment due to the intervention. Notably, there
were no adverse effects of the DBS system on Cl adjustment. The
fitting parameters of the Cl remained unaffected during the initial
fitting process. All patient-specific settings could be effortlessly
adjusted with the DBS system now activated, without encountering
any complications. Table 1 lists the various stimulation parameters
of the DBS system and the Cl of the patient.

Clinically, the patient achieved speech understanding of 65% at
65 decibels sound pressure level (dB SPL) in the Freiburg mono-
syllabic test three months after surgery. At the same time, DBS
stimulation could be continued without complications and the
occurrence of neurologic symptoms.

Case 2: Right Cl With Ipsilateral ONS
Material and Methods

A patient aged 72 years was initially successfully treated in our
clinic with a Cl (Cochlear Cl 512 Contour Advance, Cochlear, Syd-
ney, Australia) on the right side owing to severe-to-profound
hearing loss. However, shortly after the Cl was fitted, pain devel-
oped in the distribution area of the patient’s occipital nerve in the
sense of a causalgia, which progressively worsened over the

Figure 1. Reconstruction of the intraoperative DVT-data set after cochlear
implantation. CI unit and electrode, DBS electrodes intracranial (from left to
right).
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Table 1. Overview of the Stimulation Parameters of the DBS System and
the Cl of the Patient.

DBS (Medtronic Activia RC):

GPi left 1 4.1V 210 ps 125 Hz Therapeutic imped-
ance 1008 Q
GPileft 2 0.9V 210 ps 125 Hz Therapeutic imped-
ance 1597 Q
GPiright 1 1.6V 120 us 125 Hz Therapeutic imped-
ance 1215 Q
GPiright2 09V 120 ps 125 Hz Therapeutic imped-
ance 1100 Q

Cl MED-EL (Mi1200, flex 28):
Biphasic 208 us  Logarithmic 100-8500
Hz

GPi, internal segment of the globus pallidus.

upcoming months and did not respond to physiotherapy and
medical treatment. Owing to the patient’s multiple allergies to local
anesthetics, local infiltration anesthesia could not be applied suc-
cessfully. MRI diagnostics were limited on this side. The magnet
was not removed because, in our opinion, there were no clinically
serious suspicions that would justify this intervention. Computed
tomography (CT) findings showed neither signs of alteration in the
bone around the implant nor any other findings that could have
explained the pain syndrome. After extensive consultation with the
patient, we decided to have an ONS stimulator implanted by our
neurosurgery colleagues eight months later. The patient was sur-
gically treated with a Nuvectra-Algovita system (Nuvectra, Plano,
TX). Two stimulation electrodes were placed subcutaneously
toward the right mastoid and one electrode toward the first cer-
vical segment. The IPG also was placed in a subcutaneous pocket in
the pectoral region.

Results

In the second case, implanting the ONS stimulator also was
complication free despite the presence of the preexisting Cl. The
postoperative follow-up was unremarkable, and no new deficits
occurred. With physiotherapeutic support and adequate pain
management, the patient was able to be mobilized without any
problems. Four weeks postoperatively, the ONS system was acti-
vated. In comparison with the intraoperative assessment, no dif-
ferences were observed in the impedance levels and ART
measurements despite the ONS stimulator being activated.

Case 3: Bilateral CI With Ipsilateral PNFS
Material and Methods

In a patient aged 57 years bilaterally supplied with Cls (Cochlear Cl
612 Contour Advance) owing to profound hearing loss on both sides,
severe retroauricular pain in the area of the left Cl developed four
weeks postoperatively, in the sense of a neuropathic pain syndrome.
On this side, there is a history of multiple surgical interventions on the
tympanic membrane and mastoid cavity. In summary, the patient
was unable to wear a hearing aid on the left side owing to recurrent
ear canal infections caused by occlusion of the ear canal with ear
molds and to the predisposition to diabetes mellitus. However, with
progressive hearing loss, the existing BAHA attract system (Cochlear,

Sydney, Australia) on the left side no longer provided sufficient
benefit. Therefore, the implantation of a Cl was the only option to
rehabilitate hearing in the left ear. In addition, the patient had already
benefited greatly from the Cl on the right side. Owing to chronic otitis
media with persistent tympanic membrane perforation and multiple
tympanoplasties, a subtotal petrosectomy with obliteration of the
middle ear was performed in preparation for the Cl. The neuropathic
pain syndrome was therefore attributed to postoperative scar tissue
resulting from multiple surgeries around the left ear. Despite medical
and physiotherapeutic treatments, the patient continued to experi-
ence intense pain in the area of the Cl implantation. Systemic pain
medication could not be sustained at a high enough dose to effec-
tively alleviate the pain in this relatively small area. However, local
infiltration anesthesia provided reliable short-term relief. The positive
response to the infiltrations suggested a favorable outcome with
PNFS. After outpatient PNFS testing, a permanent PNFS system with
two periauricular electrodes (Boston Scientific WaveWriter R16,
Marlborough, MA) was implanted by our neurosurgery colleagues 33
months later. The system applies PNFS to the terminal branches of
the greater and lesser occipital nerves in addition to the greater
auricular nerve. As in the first two cases, the IPG was implanted
pectorally.

Results

Similarly, in the third case, there were no interactions with the Cl
after the PNFS implantation, and the postoperative course was
without complication. The radiologic examination confirmed the
proper placement of the electrodes. Tables 2 and 3 show the
various stimulation parameters of the ONS and PNFS system and
the Cls of the patients, respectively.

Clinically, speech comprehension remained good, and the sub-
jective hearing impression was unchanged after the ONS and PNFS
interventions, as exemplified in Figure 2. The initial setting of the
PNFS system caused a good and long-term reduction in pain
intensity on the visual analog scale from 8 of 10 to 4 of 10 with a
positive stimulation effect.

DISCUSSION

There are only limited data of patients with both a Cl and
another neuromodulation system. To date, these reports have
primarily focused on simultaneous treatment with a Cl and a DBS
system. Clinicians must be aware of the risk of EML.'" Medtronic
notes potential interactions between DBS systems and devices
such as cardiac pacemakers, defibrillators, and Cls.'® To prevent
direct EMI between these different devices, manufacturers have
implemented distance recommendations. For instance, a separa-
tion of =15 cm (6 inches) is advised between a Cl and a pace-
maker.'” However, there are currently no well-established distance
guidelines concerning Cls and other neuromodulation systems,
including DBS. Despite distance restrictions, all devices must be in
proper working condition and used as intended.'®"”

Various cases are described in which complications occurred
when the DBS system was exposed to high-energy electromagnetic
fields.®'® Although these risks exist, our case report of a patient
with a preexisting DBS system who underwent cochlear implan-
tation indicates that the simultaneous use of both systems is
feasible and safe and seems possible without complications and
disruptive interactions. This aligns with prior findings of several
reports highlighting successful implantations of both implanted
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Table 2. Overview of the Stimulation Parameters of the ONS System and
the Cl of the Patient.

ONS (Nuvectra Algovita):

Frequency 50 Hz Pulse width 360 us
Cl Cochlear (Cl 512 Contour Advance):
Biphasic ACE

Max 1.35 mA

Per channel 900 Hz

ACE, advanced combination encoder.

systems. De Los Reyes et al documented a case in which a patient
with a preexisting Cl underwent DBS implantation. The authors
observed no significant EMI and noted improved clinical out-
comes.'? Moreover, Buell et al showed that in their patients, there
were no adverse effects indicating EMI between the Cl and DBS
electrodes.'® Eddelman et al documented a case of a patient with
concurrent DBS and Cl implantation, highlighting the importance
of individualized surgical planning to avoid complications.'® This
also is illustrated by the working group led by Bolier et al who
presented a surgical technique and workflow for DBS surgery in
patients with preexisting Cls. The authors emphasize the safety and
feasibility of these procedures when appropriate precautions are
taken."” Furthermore, our case report indicates that both systems
can operate simultaneously within their specifications, despite
differing stimulation strategies, without mutual interferences.
Generally, the risk of interferences is minimized when both systems
are set to bipolar configurations.'" This accords with other reports,
eg, on the simultaneous use of DBS systems and pacemakers. The
lack of interferences is due to the small electrical field used for
stimulation and the compact size of the sensing circuit.*°

In this context, MRI compatibility also is becoming increasingly
significant during surgical planning. Strong magnetic fields can
interfere with the various implanted systems. Adhering to MRI
guidelines is crucial when performing an MRI examination after the
implantation of a Cl or DBS system. Currently available DBS systems
are MRI conditional."""*'® In our case report, cochlear implantation
was conducted with a preexisting DBS implant. The DBS system
could be temporarily deactivated for surgical planning.

Magnetic artifacts from Cls can complicate subsequent DBS
procedures, potentially requiring pre-Cl MRI images or CT angiog-
raphy for accurate DBS planning. In some cases, temporary removal
of the CI magnet might be necessary, although this can be per-
formed under local anesthesia with short operation times.'>' The
MRI compatibility and approval of Cls have thus become crucial
quality markers for modern auditory implants. Increasingly, Cls are
being approved for MRI scans, with the latest models featuring self-
aligning magnets that counteract displacement in a 3-Tesla

Table 3. Overview of the Stimulation Parameters of the PNFS System
and the CI of the Patient.

PNFS (Boston WaveWriter R16):
Ear anterior: Rate 50 Hz
Ear posterior: Rate 40 Hz
Cl Cochlear (Cl 612 Contour Advance):
Biphasic ACE

Pulse width 90 ps
Pulse width 150 ps

Per channel 900 Hz

ACE, advanced combination encoder.

magnetic field.?'*? To enhance image quality and reduce artifacts
without CI magnet removal, Nospes et al recommend using high-
resolution fast imaging employing steady-state acquisition
(FIESTA) or constructive interference in steady state (CISS)
sequences, avoiding fat-saturation algorithms, and imaging in
multiple planes.** Furthermore, studies by Carlson et al and Crane
et al show adequate visualization of the ipsilateral cerebellopontine
angle and internal auditory canal in 94% and 95% of 1.5-Tesla MRI
brain scans, respectively.>** Similar results have been reported by
Walton et al.?

In summary, it can be concluded that all these cases underscore
the feasibility of combining Cl and DBS systems with careful sur-
gical planning and interprofessional collaboration, indicating the
potential for positive outcomes in complex situations.

Simultaneously, there remains a shortage of clinical reports on
treating chronic neuropathic pain in patients with Cl who are
unresponsive to conventional treatments such as medical and
physiotherapeutic therapy. Sethi et al describe that some patients
experience pain after cochlear implantation without any signs of
infection, inflammation, or hearing loss. This pain may be linked to
Cl soft failure, a condition suspected when device malfunction
cannot be proved and only confirmed by improvement after
reimplantation. The conditions of these patients are challenging to
diagnose and manage, given their pain often begins weeks to
months after surgery without a clear cause. Treatment is uncertain
owing to unclear pathology and limited evidence. On the basis of a
literature review, the authors included four patients experiencing
delayed pain around the ClI site without an identifiable cause. Pain
management was successful with medical therapies in 41% of
cases and local treatments in 63%. Surgical interventions (explan-
tation, magnet replacement, tympanic neurectomy) resolved pain
in 100% of cases.”® Similar results are shown in a study by Celerier
et al. In that study, the authors review long-term pain after cochlear
implantation in 20 of 1448 patients with normal device function
and no history of trauma, infection, magnet displacement, or
device failure. The study describes only medical or surgical treat-
ments, leading to reimplantation in 12 cases, with pain often
causing the patients to become nonusers.”” However, no treatment
option has been described so far that effectively reduces pain
without surgical intervention once conservative treatment
methods have been exhausted. Specifically, the literature does not
contain any case studies in patients who have received treatment
with another neuromodulation system such as an ONS or PNFS
system in addition to a Cl. In our case series, we were able to show
that after strict indication and exhaustion of all conservative ther-
apy options, the concurrent use of Cls and neuromodulatory ONS
or PNFS systems seems possible without complications and
disruptive interactions. This approach can be a safe and promising
therapeutic alternative for managing neuropathic pain. An initially
suspected interference from varying stimulation frequencies and
pulse durations was not clinically observed in the patients. Bipolar
stimulation also was used in these cases, which likely contributed
to minimizing the risk of possible interference.'*°

Consistent with other studies in which Cl functionality remains
unchanged with no alteration in hearing function after DBS sur-
gery," our case series also showed that hearing perception was
unaffected in all three cases. The first patient showed significantly
improved speech comprehension just three months after Cl
implantation. Moreover, speech comprehension remained good,
and the subjective hearing impression was unchanged in the sec-
ond and the third case after ONS and PNFS interventions.
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Figure 2. Freiburg monosyllabic test with Cls before and after PNFS intervention. Right Ear: before PNFS intervention (red), after PNFS intervention (yellow). Left Ear:
before PNFS intervention (dark blue), after PNFS intervention (light blue). [Color figure can be viewed at www.neuromodulationjournal.org]

At the time of publication, the patients had been followed up for
96 months in the first case, 80 months in the second case, and 12
months in the third case. This suggests that midterm clinical
improvements can be achieved in hearing rehabilitation and in
neurosurgical treatment.

CONCLUSIONS

This case series indicates that the simultaneous use of Cls and
neuromodulation systems such as DBS, ONS, and PNFS seems
possible without complications and disruptive interactions. In the
future, there could be significant advantages for a substantial
group of patients who have an indication for both systems.
Moreover, this method may be considered as an option for man-
aging chronic neuropathic pain.

Authorship Statements

Friederike Weise and Thomas Klenzner contributed significantly
to the conception of the work and to the interpretation and
analysis of data for the work. Friederike Weise, Thomas Klenzner,
Katharina Schaumann, Simone Volpert, Philipp J. Slotty, and Jan
Vesper made substantial contributions to the acquisition of data
for the work and revising it critically for important intellectual
content. All authors approved the final version to be published.
All authors agree to be responsible for all aspects of the work to
ensure that issues relating to the accuracy or integrity of any part
of the work are adequately investigated and resolved.

Conflict of Interest

Thomas Klenzner has received travel grants from MED-EL GmbH,
Cochlear GmbH, and Advanced Bionics and research grants from

MED-EL GmbH and Advanced Bionics. The remaining authors
reported no conflict of interest.

N

w

w

~N

©

o

How to Cite This Article

Weise F., Schaumann K, Volpert S, Slotty PJ, Vesper J,
Klenzner T. 2025. Neuromodulation Systems in the
Setting of Cochlear Implant Treatment Based on Case
Reports and Literature Review.

Neuromodulation 2025; 28: 1222-1227.

REFERENCES

. Lenarz T. Cochlear implant - state of the art. GMS Curr Top Otorhinolaryngol Head

Neck Surg. 2018;16:Doc04. https://doi.org/10.3205/cto000143.

Deafness and hearing loss. World Health Organization. Accessed September 30, 2024.
https://www.who.int/en/news-room/fact-sheets/detail/deafness-and-hearing-loss.
Denison T, Morrell MJ. Neuromodulation in 2035: the neurology future fore-
casting series. Neurology. 2022;98:65-72. https://doi.org/10.1212/WNL.00000000
00013061.

Dougherty DD. Deep brain stimulation: clinical applications. Psychiatr Clin North
Am. 2018;41:385-394. https://doi.org/10.1016/j.psc.2018.04.004.

. Sheth SA, Mayberg HS. Deep brain stimulation for obsessive-compulsive disorder

and depression. Annu Rev Neurosci. 2023;46:341-358. https://doi.org/10.1146/
annurev-neuro-110122-110434.
Pefia CL. FDA approval letter: Medtronic DBS therapy for epilepsy. https://www.
accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=p960009s219;  2018.
Accessed September 30, 2024.

. Mogilner AY. Peripheral nerve stimulation for facial pain using conventional

devices: technique and complication avoidance. Prog Neurol Surg. 2020;35:68-74.
https://doi.org/10.1159/000509622.

Doshi PK. Expanding indications for deep brain stimulation. Neurol India.
2018;66(suppl):5102-S112. https://doi.org/10.4103/0028-3886.226450.
Manufacturer and user facility device experience (MAUDE) database. U.S. Food &
Drug Administration. Accessed September 30, 2024. https://www.accessdata.fda.
gov/scripts/cdrh/cfdocs/cfMAUDE/search.CFM.

. The BfArm for health and safety. The Federal Institute for Drugs and Medical

Devices. Accessed September 30, 2024. https://www.bfarm.de/EN/BfArM/_node.
html.

www.neuromodulationjournal.org

© 2024 The Authors. Published by Elsevier Inc. on behalf of the

Neuromodulation 2025; 28: 1222-1227

International Neuromodulation Society. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.3205/cto000143
https://www.who.int/en/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://doi.org/10.1212/WNL.0000000000013061
https://doi.org/10.1212/WNL.0000000000013061
https://doi.org/10.1016/j.psc.2018.04.004
https://doi.org/10.1146/annurev-neuro-110122-110434
https://doi.org/10.1146/annurev-neuro-110122-110434
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=p960009s219
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=p960009s219
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=p960009s219
https://doi.org/10.1159/000509622
https://doi.org/10.4103/0028-3886.226450
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfMAUDE/search.CFM
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfMAUDE/search.CFM
https://www.bfarm.de/EN/BfArM/_node.html
https://www.bfarm.de/EN/BfArM/_node.html
http://www.neuromodulationjournal.org
http://creativecommons.org/licenses/by/4.0/

NEUROMODULATION AND COCHLEAR IMPLANT

. Rahimpour S, Kiyani M, Hodges SE, Turner DA. Deep brain stimulation and elec-

tromagnetic interference. Clin Neurol Neurosurg. 2021;203:106577. https://doi.org/
10.1016/j.clineuro.2021.106577.

. De Los Reyes K, Chandrasekhar SS, Tagliati M, Alterman R. Successful implantation

of a deep brain stimulator for essential tremor in a patient with a preexisting
cochlear implant: surgical technique: technical case report. Neurosurgery.
2010;66(6 suppl Operative):372 [discussion: 372]. https://dx.doi.org/10.1227/01.
NEU.0000369646.01287.42.

. Buell TJ, Ksendzovsky A, Shah BB, Kesser BW, Elias WJ. Deep brain stimulation in

the setting of cochlear implants: case report and literature review. Stereotact Funct
Neurosurg. 2015;93:245-249. https://doi.org/10.1159/000380824.

. Eddelman D, Wewel J, Wiet RM, Metman LV, Sani S. Deep brain stimulation with a

pre-existing cochlear implant: surgical technique and outcome. Surg Neurol Int.
2017;8:47. https://doi.org/10.4103/sni.sni_412_16.

. Bolier E, Karl JA, Wiet RM, Borghei A, Metman LV, Sani S. Operative technique and

workflow of deep brain stimulation surgery with pre-existing cochlear implants.
Oper Neurosurg (Hagerstown). 2020;19:143-149. https://doi.org/10.1093/ons/
opz343.

. Electromagnetic compatibility guide patient services for implantable cardiac

devices. Medtronic. Accessed September 30, 2024. https://www.medtronic.com/
en-us/l/patients/electromagnetic-guide.html.

. Boston scientific electromagnetic (EMI) compatibility table for pacemakers.

transvenous ICDs, S-ICDs and heart failure devices. Boston Scientific. https://www.
bostonscientific.com/content/dam/lifebeat-online/en/documents/BSC_
Electromagnetic_Compatibility_Guide.pdf. Accessed September 30, 2024.

. Nutt JG, Anderson VC, Peacock JH, Hammerstad JP, Burchiel KJ. DBS and diathermy

interaction induces severe CNS damage. Neurology. 2001;56:1384-1386. https:/
doi.org/10.1212/wnl.56.10.1384.

O

20.

21.

22,

23.

24,

25.

26.

27.

. Yamamoto T, Katayama Y, Fukaya C, Kurihara J, Oshima H, Kasai M. Thalamotomy
caused by cardioversion in a patient treated with deep brain stimulation. Stereo-
tact Funct Neurosurg. 2000;74:73-82. https://doi.org/10.1159/000056466.

Capelle HH, Simpson Jr RK, Kronenbuerger M, Michaelsen J, Tronnier V, Krauss JK.
Long-term deep brain stimulation in elderly patients with cardiac pacemakers.
J Neurosurg. 2005;102:53-59. https://doi.org/10.3171/jns.2005.102.1.0053.

Reveles Jensen KH, Navntoft CA, Sindahl CH, Cayé-Thomasen P, Jgrgensen MB.
Cochlear implant should not be absolute contraindication for electroconvulsive
therapy and transcranial magnetic stimulation. Brain Stimul. 2020;13:1464-1466.
https://doi.org/10.1016/j.brs.2020.08.007.

Nospes S, Brockmann MA, LaBig A. MRI in patients with auditory implants
equipped with implanted magnets-an update: overview and procedural man-
agement. Radiologe. 2019;59:48-56. https://doi.org/10.1007/s00117-018-0462-9.
Carlson ML, Neff BA, Link MJ, et al. Magnetic resonance imaging with cochlear
implant magnet in place: safety and imaging quality. Otol Neurotol. 2015;36:965—
971. https://doi.org/10.1097/MAO.0000000000000666.

Crane BT, Gottschalk B, Kraut M, Aygun N, Niparko JK. Magnetic resonance
imaging 1.5 T after cochlear implantation. Otol Neurotol. 2010;31:1215-1220.
https://doi.org/10.1097/MAQ.0b013e3181ec1d61.

Walton J, Donnelly NP, Tam YC, et al. MRl without magnet removal in neurofi-
bromatosis type 2 patients with cochlear and auditory brainstem implants.
Otol Neurotol. 2014;35:821-825. https://doi.org/10.1097/MAO.0000000000000330.
Sethi M, Hammond-Kenny A, Vijendren A, et al. Pain after cochlear implantation
without signs of inflammation: a systematic review. Otol Neurotol. 2020;41:1042—
1049. https://doi.org/10.1097/MA0.0000000000002696.

Celerier C, Rouillon |, Blanchard M, Parodi M, Denoyelle F, Loundon N. Pain after
cochlear implantation: an unusual complication? Otol Neurotol. 2017;38:956-961.
https://doi.org/10.1097/MAO.0000000000001451.

www.neuromodulationjournal.org

© 2024 The Authors. Published by Elsevier Inc. on behalf of the

Neuromodulation 2025; 28: 1222-1227

International Neuromodulation Society. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).



https://doi.org/10.1016/j.clineuro.2021.106577
https://doi.org/10.1016/j.clineuro.2021.106577
https://dx.doi.org/10.1227/01.NEU.0000369646.01287.42
https://dx.doi.org/10.1227/01.NEU.0000369646.01287.42
https://doi.org/10.1159/000380824
https://doi.org/10.4103/sni.sni_412_16
https://doi.org/10.1093/ons/opz343
https://doi.org/10.1093/ons/opz343
https://www.medtronic.com/en-us/l/patients/electromagnetic-guide.html
https://www.medtronic.com/en-us/l/patients/electromagnetic-guide.html
https://www.bostonscientific.com/content/dam/lifebeat-online/en/documents/BSC_Electromagnetic_Compatibility_Guide.pdf
https://www.bostonscientific.com/content/dam/lifebeat-online/en/documents/BSC_Electromagnetic_Compatibility_Guide.pdf
https://www.bostonscientific.com/content/dam/lifebeat-online/en/documents/BSC_Electromagnetic_Compatibility_Guide.pdf
https://doi.org/10.1212/wnl.56.10.1384
https://doi.org/10.1212/wnl.56.10.1384
https://doi.org/10.1159/000056466
https://doi.org/10.3171/jns.2005.102.1.0053
https://doi.org/10.1016/j.brs.2020.08.007
https://doi.org/10.1007/s00117-018-0462-9
https://doi.org/10.1097/MAO.0000000000000666
https://doi.org/10.1097/MAO.0b013e3181ec1d61
https://doi.org/10.1097/MAO.0000000000000330
https://doi.org/10.1097/MAO.0000000000002696
https://doi.org/10.1097/MAO.0000000000001451
http://creativecommons.org/licenses/by/4.0/

	Titelblatt_Weise_final
	Neuromodulation_Weise
	Neuromodulation Systems in the Setting of Cochlear Implant Treatment Based on Case Reports and Literature Review
	Introduction
	Case Series
	Case 1: Right CI With Bilateral DBS
	Material and Methods
	Results

	Case 2: Right CI With Ipsilateral ONS
	Material and Methods
	Results

	Case 3: Bilateral CI With Ipsilateral PNFS
	Material and Methods
	Results


	Discussion
	Conclusions
	Authorship StatementsFriederike Weise and Thomas Klenzner contributed significantly to the conception of the work and to th ...
	References



