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Abstract

Cochlear implants are currently one of the most effective devices in sensorineural

rehabilitation. They offer the possibility of hearing to people with severe to profound
hearing loss who derive little benefit from acoustic amplification. However, post-
implantation complications can occur, including undesired facial nerve stimulation
(FNS). The main symptoms of FNS include involuntary movements of the face and
neck, and pain or discomfort during implant use. Sometimes FNS affects a few chan-
nels only, but it can also occur in most or even all channels.

Clinical management at present focuses mainly on changing various parameters in
device programming. Strategies to reduce FNS range from making changes to the
electrical stimulation type and mode to considering reimplantation in complex cases.
This article describes FNS and its possible causes, as well as the clinical solutions
that are currently available. Finally, new approaches and possible lines of research
are discussed.

Keywords
Facial nerve, cochlear implant, electrical stimulation, electrical pulses,
stimulation modes

Clinical implications

Cochlear implant (Cl) interventions for severe to profound hearing loss achieve
excellent results. However, the anatomical proximity of the auditory nerve can
cause the electrical fields generated to stimulate the facial nerve. This adverse
effect has to be managed with the clinical tools that are available at present. This
article provides a review of the literature specifically to:

- investigate the actual incidence of facial nerve stimulation (FNS)in Cl users.
- describe the clinical strategies available to manage this aberrant stimulation.
- discuss the most relevant current lines of research

The aim of this research is to guide and update audiology professionals in FNS
management in their clinical practice.
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Introduction

Less than 50 years have passed since the first case
reports were published of auditory nerve electri-
cal stimulation using an implantable device (Berg-
strom, 1975). By the start of the 1980s, there was
already clear evidence of benefit for adult implant
recipients (House & Berliner, 1982) and there-
fore children also started receiving Cls (Eisenberg
& House, 1982). Now, most adults with post-ling
hearing loss achieve 70% open-specch perception
in silence (Lenarz, 2018) and 80% are able to use
the telephone (Lenarz et al., 2022). At the start of
the 1990s, the advantage of Cl over hearing aids
became evident when evaluating speech perception
skills acquired by profoundly deaf children (Geers
& Moog, 1991). We now know that children who
receive implants at an early age (before 12 months)
can acquire similar levels of language development
to normal-hearing children (Ching et al., 2014) and
that the best outcomes are achieved by providing
access to sound in both ears (Sharma et al., 2020).
As a result of this success, there are now more than
one million Cl users globally (Fan-Gang, 2022).

Although cochlear implantation carries mini-
mal risk (House & Berliner, 1982), some problems
still persist, decreasing benefits and, in some cases,
even making Cl use impossible. One of these adverse
effects is non-auditory stimulation in the form of
facial nerve stimulation (FNS). The problem has
been reported since the start of multichannel device
implantations (Cohen et al., 1988) and affects men
and women equally (Smullen et al., 2005), as well as
children and adults (Alzhrani, 2020).

This undesired stimulation occurs when the electri-
cal field generated by any of the electrodes spreads
and reaches a segment of the facial nerve (Kim et al.,
2018; see Figure 1), causing discomfort and involun-
tary ipsilateral movements of the face, around the
eye, mouth, nasolabial fold and forehead (Kelsall et
al., 1997). Although FNS usually manifests when the Cl
is first activated, it can also develop after years of use
(Berrettini et al., 2011). Often, FNS worsens over time,
affecting more stimulation channels and being trig-
gered by low charge levels. One retrospective analysis
found that FNS can progress until speech perception
in silence drops below acceptable levels due to the
need to deactivate multiple channels, even after Cl
has been reimplanted (Polak et al., 2006).
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FNS incidence and associations
with anatomy and aetiology

One recent study reviewed 37 publications (repre-
senting 5936 Cl users) and found that the overall
reported FNS rate was approximately 6% (Van Horn
et al., 2020). This number increases significantly in
patients with otosclerosis, cochlear malformation,
or ossification, reaching almost 50% in these popula-
tion groups (Weber et al., 1998). Otosclerosis reduces
impedance and increases conductivity shunting the
current through the bone, which allows the current to
reach the facial nerve (Seyyedi et al., 2013). Recently, a
study of 351 otosclerotic ears reported 10.5% of FNS
incidence (Assiri et al., 2022). Moreover, other authors
have also observed that patients with otosclerosis
were more likely to experience FNS compared with
those with other cochlear pathologies (28.4% vs. 3.5%,
respectively; Van Horn et al., 2020).

In patients with malformations, FNS is likely to
affect most electrodes (Kim et al., 2018). Malforma-
tions of the facial nerve itself also increase the proba-
bility of aberrant Cl stimuli (Chen et al., 2021). Likewise,
temporal bone fractures may increase the incidence
of FNS (Espahbodi et al., 2015).

Another predisposing factor for the onset of FNS
may be the proximity between the labyrinthine seg-
ment of the facial nerve and the first turn of the coch-
lea (Erixon et al., 2009; Kasetty et al., 2019; Aljazeeri et
al., 2021). This factor is corroborated by studies that
found that electrodes nearest to this segment are
most likely to trigger undesired stimulation (Smul-
len et al., 2005; Kelsall et al., 1997). One research
group investigated anatomical characteristics that
might predict the risk for FNS onset in a blinded study
using computed tomography (Hatch et al., 2017). The
authors found significant anatomical differences in
the separation between the cochlea and the labyrin-
thine segment of the facial nerve in Cl users with FNS.
It is also believed that the bony separation between
the scala tympani of the cochlea and the facial nerve
may be eroded under the pressure exerted by the
electrode (Smullen et al., 2005). Although these find-
ings are encouraging, further studies are still needed
in this research line to improve and increase their
predictive power.

One animal study reported low impedance levels
in the basal electrodes, which may allow for greater
current spread (Niparko et al., 1991). An association
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Figure 1. lllustration of a cochlear implant and its anatomical proximity to the facial nerve. The audio processor transmits the signal to the implanted
device via its antenna. The electrode array, located in the cochlea, stimulates the cochlear nerve through electrical fields generated in the active elec-
trodes. Anatomical proximity between the electrical stimulation and the facial nerve may result in undesired nerve stimulation.

was also proposed between FNS and the dimensions
of the bony cochlear nerve canal and the internal
auditory canal in a study that found both structures
to be narrower when FNS was present (Rah et al.,
2016). Furthermore, a correlation was found between
a narrower vestibular aqueduct and a shorter internal
auditory canal in individuals with FNS (Kamogashira
et al., 2017).

Associations between
FNS and device design

A systematic review by Van Horn et al. (2020) found
that lateral wall electrodes significantly increased
the incidence of FNS compared with perimodiolar
electrodes (15.7% vs. 4.4%, respectively). Similar find-
ings have been reported by other authors (Burck
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et al., 2022; Ahn et al., 2009; Matterson et al., 2007;
Battmer et al., 2006; Marshall et al., 2005). However,
some studies have found that FNS incidence is unaf-
fected by electrode array type (Abdelhamed, 2019).
Some authors report that lateral wall electrodes
tend to be used more in malformations, and there-
fore electrode design is no longer a significant fac-
tor when comparing anatomically normal cochleae
(Ahn et al., 2009).

Closer proximity of the electrodes to the modio-
lus, together with correct positioning, may reduce
the risk of FNS (Battmer et al., 2006). The proximity
of the electrode to the central axis of the cochlea
tends to reduce the required perceptual current lev-
els, which in turn helps to maintain electrical stimu-
lation below the FNS threshold (Seyyedi et al., 2013).
Furthermore, computational models showing elec-
trical field spread suggest that full-band electrodes
are the most likely to cause FNS, followed by half-
band electrodes and finally, plate electrodes (Frijns
et al., 2009).

Clinical solutions to
Mmanage FNS

When the FNS threshold is lower than the user's
comfort hearing level, it negatively affects auditory
performance and audiologists have to mitigate the
problem by adapting the Cl fitting. One solution is
to reduce the current level of the channels or even
deactivate them, which usually worsens the user’s
performance. When these actions have to be taken,
some Cl users may stop using the device due to lack
of benefit (Nassiri et al., 2018). However, these pro-
gramming changes are effective in many cases (Smul-
len et al., 2005; Pires et al., 2018).

These alternatives are an option when FNS is pre-
sentin only a few channels but are not the best solu-
tion in cases where most of the Cl electrode channels
are affected. Depending on the degree of FNS sever-
ity and considering the lack of clinical resources for
FNS management, reimplantation may be considered
(Battmer et al., 2006; Walia et al., 2021). Unfortunately,
device replacement sometimes leaves the problem
unsolved, and FNS can persist even after more than
one reimplantation (Morris et al., 2004). Although a
device change may be ineffective in itself, it makes
available new feeting tools to manage the problem
(Polak et al., 2006).

4
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Pulse morphology

Another alternative available to avoid FNS is to modify
pulse morphology (Fig. 2). Increasing the pulse dura-
tion or using triphasic instead of biphasic pulses are
strategies to increase sound perception without FNS.

Increasing the total pulse width delivers a higher
charge or energy with a reduced pulse amplitude
(Bahmer et al., 2017). The effectiveness of this strat-
egy has been repeatedly demonstrated in FNS man-
agement (Polak et al., 2006; Pires et al., 2018; Sefien
& Hamada, 2019).

Biphasic pulses generated by Cls usually consist of
two opposing polarities of equal duration and ampli-
tude: a negative or cathodic phase and a positive or
anodic phase (Fig. 2A). Triphasic pulses have two
cathodic phases of the same duration and amplitude,
and between the two, an anodic phase with opposite
polarity of the same amplitude but double the dura-
tion (Fig. 2B). As a result, pulses are charge-balanced
(Braun et al., 2019). It was shown that triphasic pulses
can benefit Cl users with or without FNS (Bonnet et
al., 2004). Schatzer et al., (2014) studied the use of
triphasic pulses to selectively stimulate the auditory
nerve in cases of FNS. Since then, many studies have
demonstrated that triphasic pulses help resolve this
complication (Schatzer et al., 2014; Bahmer & Bau-
mann, 2016; Bahmer et al., 2017; Braun et al., 2019;
Alhabib et al., 2021). Although triphasic phases need
a higher current level than biphasic pulses to get the
same loudness perception level (Bahmer et al., 2016),
the most comfortable levels achieved without elicit-
ing FNS are significantly higher (Bahmer & Baumann,
2016; Bahmer et al., 2017, Braun et al., 2019; Alhabib
et al., 2021). This strategy improves auditory perfor-
mance in Cl users with FNS, enhancing their speech
discrimination (Bahmer & Baumann, 2016; Alhabib
et al., 2021).

Another less common FNS management strat-
egy is to increase the interphase gap, which is the
time that elapses between the positive and nega-
tive phases of each pulse (Fig. 2A). Cochlear implant
manufacturers set their own default gap, but some
allow the gap to be modified using the fitting software.
Alonger interphase gap allows for a lower threshold
and most-comfortable levels, reducing the likelihood
of FNS (Pieper et al., 2020). In addition to biphasic
and triphasic pulses, a monophasic passive discharge
pulse also exists (Fig. 2C), consisting of an anodic
phase followed by a cathodic phase, which is a passive
discharge due to a capacitive effect (Fig. 2C). This
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Figure 2. Stimulation pulse shape options in cochlear implants. (A) Biphasic pulse; (B) Triphasic pulse; (C) Monophasic with passive discharge pulse.
Depending on the pulse shape used, the parameters that can be modified are amplitude, phase width, and interphase gap.

pulse shape produces less current spread than the
widely used biphasic pulses (Zellhuber et al., 2022).
Monophasic passive discharge pulses also need less
current than triphasic pulses to reach comfortable
levels (Macherey et al., 2006; Macherey et al., 2008;
Carlyon et al., 2013).

Stimulation modes

Most cochlear implants use a monopolar stimulation
mode in which active intracochlear electrodes create
an electrical field referenced to an extracochlear elec-
trode (Fig. 3A). This reference electrode may be located
inside or outside the implant body, under the Tem-
poral muscle, with its own contact. The wide current
spread - required because of the distance between
the intra- and extracochlear electrodes - increases
the risk of the current flow reaching the facial nerve.

To reduce this spread and achieve more selec-
tive stimulation, a bipolar (BP) mode has been intro-
duced (Fig. 3B). Bipolar stimulation uses one of the
intracochlear electrodes as reference. The distance
between the active and reference electrodes can be
set, whereby BP+1 uses a neighbour electrode and
BP+n skips n electrodes in between. Note that this
configuration is limited by the total number of elec-
trodes. By limiting the electrical field spread with
bipolar stimulation, FNS can be significantly reduced.
Computational modelling has shown that this stimu-
lation mode can substantially increase in FNS thresh-
olds (van der Westhuizen et al., 2022).

Another type of stimulation that is also effec-
tive for FNS is multi-mode grounding, also known
as mixed-mode grounding (Fig. 3C). In multi-mode
grounding, all intracochlear electrodes are used
for grounding except the channel to be stimulated.

This design discharges around 80% of the current
inside the cochlea (Dang, 2017), thus reducing cur-
rent spread.

The multi-mode grounding system also modi-
fies the pulse phase width (stimulation duration) to
increase the charge delivered and incorporates mono-
phasic passive discharge pulses. (Fig. 2C). The combi-
nation of these variables has been found to effectively
address the problem of FNS (Zellhuber et al., 2022;
Eitutis et al., 2022). This set-up appears to be an excel-
lent clinical strategy, but further studies are needed
to quantify the contribution of each variable and their
actual effect on reducing FNS.

Discussion

Cochlear implants have been proven to effectively
improve the quality of life of millions of individuals.
However, some problems persist that reduce users'
auditory performance, including undesired facial
nerve stimulation.

Some disagreement remains about the precise
incidence of FNS since multiple interrelated factors
are involved. In any case, solving or alleviating this
complication is of utmost importance because users’
expectations of their Cl may be unmet, and they may
even stop using the device.

While the problem can be managed in various
ways, there is no single or fully effective approach
to solve FNS. Current solutions available to clini-
cians include reprogramming Cl parameters. Sev-
eral research studies have found that changes
to the pulse shape and characteristics effectively
reduce FNS.
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Figure 3. lllustration of stimulation modes in cochlear implants. (A) Monopolar stimulation with integrated or external reference stimulation; (B) Bipolar
stimulation; (C) Multi-mode grounding.

Two such changes that have improved the situ-
ation for users with FNS are increasing the pulse
width while maintaining amplitude and lengthening
the interphase gap. The two most effective, novel

6

alternatives are triphasic pulse and monophasic pas-
sive discharge pulse stimulation systems.

Another approach is to limit electrical field spread
by modifying the monopolar, bipolar or multi-mode
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stimulation mode. Although studies show that chang-
ing these modes is beneficial for FNS, further work is
needed to fully optimize the outcome of such changes.
In current configurations, reprogramming the mode
can lead to a change in the Cl coding strategy, with
which could affect the benefit that the user have with
the Cl. Bipolar stimulation, for example, reduces the
final number of active electrodes, which could worsen
users’ auditory performance. Furthermore, the higher
electrical charge required in bipolar mode increases
battery consumption. All these aspects must be con-
sidered when addressing FNS.

Not all the options mentioned in this review are
available in all CI models or offered by all manufactur-
ers. Clinicians must decide which is the best option
for each device and each user. Often, a combination
of approaches is a good strategy to reduce or totally
eliminate FNS.

New research and ways of stimulating the audi-
tory nerve may also provide solutions to reduce FNS.
Landsberger et al. (2022) have demonstrated the
possibility of perceiving lower frequencies with short
electrodes by placing the extracochlear reference
electrode in the cochlear apex. This novel configura-
tion redirects the electrical field. Although this study
did not address FNS, redirecting the electrical field
could reduce the current flow to the facial nerve.
Badenhorst et al. (2021) used three-dimensional com-
puter modelling for diagnostic purposes to study the
relationship between electrical fields and the facial
nerve. This new approach may provide more infor-
mation about FNS in a format that can be adapted on
a case-by-case basis. In addition, the study showed
that computer modelling can be used to measure
cochlear bone lining conductivity and predict which
channels are most prone to FNS. These promising
results may help bring computer modelling into clini-
cal use for assessing and programming Cls in users
with FNS.

Clinicians should remember that all the resources
available to manage this aberrant stimulation may
have an impact on users’ hearing performance and
quality of life. Users may reject many of these changes
because they entail adapting to a new way of listen-
ing. Counselling plays a crucial role in this setting.
Users must receive clear information to understand
the reasons for making these changes. The starting
point here is to seek the best outcome by combining
existing technical-clinical tools and offering Cl users
all possible support.

Gabriel S. Rosanigo et al. - Facial stimulation in cochlear implants

Conclusions

Cochlear implant electrical stimulation can cause FNS,
a complication that varies depending on the aetiology
and the anatomical characteristics of the inner ear, as
well as the characteristics of the implant itself. Cur-
rent clinical practice allows clinicians to manage FNS
by decreasing charge level, deactivating channels and
changing pulse shape and stimulation modes. Although
new tools are available, this undesired stimulation can-
not always be eliminated. Further studies are needed
to quantify the effectiveness of these tools, as well as
to develop new technologies to eradicate the problem.
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