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Background:

High-frequency spinal cord stimulation (HF-SCS) has become very popular in the management of chronic
pain worldwide. As it relies on generating high-frequency electrical impulses, there is a risk of interference with other devices such as cochlear implants that utilize similar principles. A literature search did
not reveal any case reports of HF-SCS implantation in a patient with cochlear implants.

Case Report:

A 75-year-old White woman with a history of bilateral cochlear implants (Cochlear Americas Nucleus® with
cp910 processor) for severe sensorineural hearing loss presented to our chronic pain clinic with lumbosacral
radiculopathy. The patient underwent a HF-SCS trial with entry point at the L1-L2 space and the leads
positioned at the top and bottom of T8. The patient did not experience any auditory interference with
her Cochlear implant at triple the average SCS stimulation strength. During the follow-up visit the next
week, the patient reported nearly 80% symptomatic pain relief and significant functional improvement.
There was no change in her hearing and no evidence of interference. The patient ultimately underwent
percutaneous SCS paddle electrode placement and at 3 months, continues to have excellent pain relief
without any auditory interactions.

Conclusion:

We successfully implanted a HF-SCS at the thoracic level in a patient with bilateral cochlear implants
without any auditory interference.
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BACKGROUND
Physicians around the world have been using spinal
cord stimulation (SCS) for various chronic pain conditions since it was developed almost half a century
ago. SCS is inspired by the gate-control theory of pain
proposed by Melzack and Wall (1). The traditional,
paresthesia-based SCS utilizes tonic 40- to 60-Hz stimulation that activates the dorsal column supplying the
patient’s painful region. However, conventional SCS
has limitations such as distressing paraesthesia, limited
clinical uses, inadequate pain inhibition, and progressive
decline in effects over time (2).

Several years ago, a new SCS paradigm was developed
for pain treatment, in which high-frequency SCS (HFSCS) is applied at low amplitudes so that the stimulation
is subthreshold for sensory activation and does not lead
to paraesthesia. The most common frequency used for
HF-SCS is 10 kHz and is referred to as HF10-SCS. This
is currently marketed as the Nevro® SCS which was
approved by the US Food and Drug Administration in
2015 (3).
Cochlear implants are surgically inserted prosthetic
devices that utilize electrical stimulation to provide
hearing. This is generally indicated for moderate to
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severe bilateral sensorineural hearing loss. The cochlear
implant utilizes an external sound processor that transmits electrical signals from outside into an array of
electrodes placed on the cochlea, which stimulates the
cochlear nerve and produces hearing (4).
The input frequency range of a cochlear implant is
typically between 100 Hz and 10 kHz. The HF10-SCS,
which also operates at 10 kHz, theoretically poses a risk
of interference with the cochlear implant’s signal transmission. A literature search did not reveal any reported
cases of SCS implantation in a patient with a cochlear
implant. The following is our first-hand experience
with HF10-SCS implantation in a patient with bilateral
cochlear implants.

CASE
A 75-year-old White woman with a history of bilateral cochlear implants for severe sensorineural hearing
loss presented to our chronic pain clinic with low back
pain for over 10 years. The patient described the pain
as electric shock-like, located in the lower back and
radiating along the posterior aspect of the bilateral
lower extremities to the toes, and associated with tingling and numbness. Physical exam revealed features
of lumbosacral radiculopathy without any sensory or
motor deficits. Magnetic resonance imaging of the
spine could not be performed due to her cochlear
implants. The patient underwent a computed tomography scan of the lumbosacral spine, which revealed
L3-4, L4-5, and L5-S1 broad disc bulging with severe
bilateral foraminal stenosis and compression of exiting
L5 roots. The patient’s treatment regimen consisted of
nonsteroidal anti-inflammatory drugs, gabapentinoids
including gabapentin, and muscle relaxants including
methocarbamol, which provided mild relief. Not being
a surgical candidate due to poor pulmonary reserve
and age, the patient was scheduled for a lumbar
epidural steroid injection. The patient had temporary,
but significant (75%-80%) improvement in pain for an
average of 4 weeks with lumbar epidural steroid injections on 3 occasions. After adequate psychological assessment, she was considered for a Nevro® SCS implant.
There was concern regarding her bilateral cochlear
implants and possible risk of interference with SCS.
The patient’s cochlear implants were placed in 2004
following drug-related severe bilateral sensorineural
hearing loss. Her cochlear implant was manufactured
by Cochlear Americas® using a cp910 processor. A literature search did not reveal any reported cases of HF-SCS
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implantation in a patient with cochlear implants. We
contacted the cochlear implant manufacturer (Cochlear
Americas) and inquired regarding the feasibility and
potential interference. Cochlear Americas provided a
letter stating that as long as the spinal cord implant
is more than 20 cm away from the cochlear implant,
there should not be any interference. We scheduled
her for a Nevro® SCS trial. The SCS trial was performed
at the entry point of the L1-L2 interlaminar space and
leads were positioned at the top of T8 (right lead) and
the bottom of T8 (left lead) (Fig. 1).
In the postanesthesia care unit (PACU), the patient did
not experience any interference with cochlear implant
even at triple the average SCS stimulation strength. At
the one-week follow-up, the patient reported excellent
pain relief (approximately 80%) and also stated that she
had significant functional improvement including the
ability to climb stairs and go grocery shopping. The SCS
leads were removed and the patient then went on to
undergo percutaneous SCS electrode placement with a
buttock pulse generator. Following the electrode placement, the patient continues to describe excellent relief
in her radiculopathy and reports optimum functioning
of her cochlear implants. There was no interference in
her hearing - no hiss, electrical noise, or variation in
audio quality.

DISCUSSION
In this case report, we have successfully used HFSCS in a patient with cochlear implants for lumbar
radiculopathy without any clinically significant auditory
interference.
The HF10-SCS involves application of short-duration
(30 μs), high-frequency (10 kHz), low-amplitude (1 to
5 mA) pulses to the spinal epidural space via spinal
epidural electrode arrays (leads) at vertebral levels
corresponding with perceived pain (3).
The cochlear implant works by stimulating the neural
tissue of the spiral ganglion through electrical impulses.
The electrodes implanted within the cochlea provide
stimulation by means of a series of bipolar current
impulses whose amplitude and frequency are controlled
by the speech processor. This stimulation thereby creates
auditory sensations at the level of the cerebral cortex (4).
The cochlear implant operates at a frequency range
of 100 Hz to 10 kHz, which poses a risk that the SCS
impulses that operate at 10 kHz may be wrongly interpreted as sound.
The FDA Premarket Approval for the Cochlear Ameri-
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cas Nucleus® cochlear implant system notes that there
is a risk of interference with neuromodulation devices
(e.g., SCS) – typically when kept within 1 cm (5). In our
patient, with the SCS leads being implanted at a T8
level, there was a considerable distance between the
leads and the cochlear implant.
Studies have shown successful usage of various
devices that rely on electrical stimulation in patients
with cochlear implants, including electrocautery (6-8),
cardiac pacemaker (9), and deep brain stimulator (10).
The most important factor found to relate to interference is the distance from the cochlear implant. Out of
these devices, the only documented complication was
described by Roberts et al (11), in which the electrosurgical unit (operating at level 7) that was being used for a
dental procedure led to the destruction of the cochlear
implant circuitry. The British Cochlear Implant Group
advises that monopolar cautery should not be used
in the head and neck region in patients with cochlear
implants and that bipolar cautery should not be used
within 2 cm of the implant (6).
Bianchin et al (12) published a report on successful
cochlear implantation in a patient with a preexisting
traditional (Medtronic) paresthesia-based SCS; the
SCS had been previously implanted, but was inactive.
Unlike the HF10-SCS, the traditional SCS generates
low-frequency impulses in the range of 40 to 60 Hz,
which is technically below the operating frequency of
the cochlear implant.

Fig. 1. SCS Trial – lead placement.

CONCLUSION
We successfully implanted an HF10-SCS at the thoracic
level in a patient with bilateral cochlear implants without any auditory interference. Although these devices
can theoretically lead to interference due to similarities
in operating frequencies, in our experience, due to the
significant distance between the cochlear implants and
the thoracic leads, no clinical interference was detected.
It remains to be seen if such interference may become
evident with cervical leads.
This can potentially highlight the safety of using HFSCS in patients with other neuromodulation devices,
notably the cochlear implant.
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