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Can Pupillometry Help to Choose the Right Nerve for Tinnitus
Reduction?

Henk M. Koning*

ABSTRACT

Introduction: Tinnitus patients may suffer from autonomic symptoms, which can be measured with pupillometry.

Obijectives: This study was intended to assess the impact of pulsed radiofrequency (PRF) stimulation of cervical and
cranial nerves (i.e. C2 nerve, auriculotemporal nerve, facial nerve and vagal nerve) on pupillometry measures in tinnitus
patients.

Design: A monocenter backward-looking group study.

Results: The pulsed radiofrequency (PRF) with 42 volts of various cervical and cranial nerves gave in 40-60% of the
patients a reduction of tinnitus with a 0-6% chance on side-effects. Postoperative basal pupil diameter, maximum
constriction amplitude, and maximum constriction velocity were statistically significant between the various treatments.
PRF of the trigeminocervical nerves had little parasympathetic and sympathetic effects in contrast to the impairment of
parasympathetic and sympathetic nervous system induced by PRF of the facial and vagal nerves.

Conclusions: The results of PRF with 42 volts of various cervical and cranial nerves on tinnitus were not related to
postoperative parasympathetic measurements.
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INTRODUCTION

Tinnitus patients may suffer from autonomic symptoms,
which can be measured with pupillometry’. Baseline
pupil diameter (BPD), maximum constriction amplitude
(MCA), and maximum constriction velocity (MCV) were
significantly reduced in tinnitus patients, and this might
indicate parasympathetic dysfunction. The relation
between noradrenergic locus coeruleus (LC) neurons and
pupil size is due to the control exerted by the LC on the
preganglionic parasympathetic neurons of the Edinger-
Westphal nucleus, which innervate the iris constrictor2.
The amygdala and LC state actively determines which
sensory signals are selected for processing in sensory
brain regions and may function as a gate to filter out
unwanted sound such as tinnitus?.

Electric stimulation of the cervical and cranial nerves can
suppress tinnitus *®. The challenge is how to match electric
stimulation of a specific nerve to the type of tinnitus in
order to achieve a successful therapy®. Especially, tinnitus
related to the autonomic nervous system could benefit
from stimulation of cervical or cranial nerves connected
to the autonomic nervous system'. The vagal nerve is
considered as a mediator of the parasympathetic section
of the autonomic nervous system’. The facial nerve is also
partially composed of parasympathetic neurons®. The
trigeminal nerve does not have parasympathetic fibres, but
it is associated with several parasympathetic ganglia along
its course®. The first cervical roots are intensely connected
to the trigeminal system™. Therefore, this study was
intended to assess the impact of Pulsed Radiofrequency
(PRF) stimulation of these cervical and cranial nerves on
pupillometry measures in tinnitus patients.

METHODS
Design

This observational retrospective study in Pain Clinic
De Bilt, De Bilt, the Netherlands, comprises all tinnitus
patients who underwent pupillometry and pulsed
radiofrequency therapy with 42 volts in Pain Clinic De Bilt
between October 2023 and October 2024 (n = 52). The
Ethics Committee United (Nieuwegein, the Netherlands)
acknowledged this study (W.25.001, January 8, 2025).

Subjects

All tinnitus patients subjected to pupillometry and treated
with pulsed radiofrequency with 42 volts of C2 dorsal root
ganglion, the auricular branch of the vagal nerve, the
auriculotemporal nerve, or the facial nerve in the period
between October 2023 and October 2024. The work-up
of a patient with tinnitus comprised of a clinical history, a
two-sided clinical audiogram, a cervical spine radiograph
and pupillometry. The pupillometer was applied in all
patients to both eyes.

Outcome

The prime outcomes were subjective change in tinnitus
loudness at 7 weeks post treatment.

Adverse effects

Side effects were registered directly after and at 7 weeks
post treatment.

Quantitative Pupillometry

Pupillometry were executed using an automated
pupillometer (NeuroLight Algiscan, ID-MED, Marseille,
France). An assessment before therapy, and an
assessment after therapy were performed for each
eye of the patient. The following parameters were
obtained: baseline pupil diameter (BPD) (mm), latency of
constriction (LC) (msec), pupillary constriction rate (i.e.,
the difference between baseline and post-stimulation
pupil size, expressed as % of constriction from the
baseline value) (PCR), maximum constriction amplitude
(MCA) (mm), and maximal constriction velocity (MCV)
(mm/sec).

Pulsed radiofrequency therapy with 42 volts

The auricular branch of the vagal nerve. A 22-gauge, 60
mm long needle with a 5 mm active tip was positioned
percutaneously at the inner tragus. Then, pulsed
radiofrequency was applied at 42 V, 2 Hz, and 10
milliseconds for 10 minutes.

The auriculotemporal nerve. A 22-gauge, 60 mm-
long needle with a 5 mm active tip was put in about 6
millimetres in front of the joining of the tragus and the
earlobe, posteriorly to the mandible. The needle was
advanced superior into the subcondylar area to a depth
of about 25-28 millimetre. Then PRF at 42 V, 2 Hz, and 10
milliseconds for 10 minutes was applied.

The C2 dorsal root ganglion. The procedure took place
by utilizing a C-arm fluo—roscopic machine. The patient
was placed in the prone position on the fluoroscopic
table. The atlanto-occipital joint to be treated was marked
in the anteroposterior view. A 22-gauge, 100 mm-long
needle with a 5 mm active tip was placed and directed
toward the posterolateral aspect of the atlanto-occipital
joint. The C-arm was rotated to the horizontal plane and
the needle were then advanced between C1 and C2 until
bone contact was made. After confirmation of correct
needle placement, the C2 ganglion was subjected to
pulsed radiofrequency at 42 V, 2 Hz, and 10 milliseconds
for 120 seconds.

The facial nerve. A 22-gauge, 60 mm-long needle with a
5 mm active tip was put in the middle of the posterior
boundary of the mandibular ramus and the frontier border
of the mastoid process, just atop of the lowest end of the
earlobe. Then, the needle was preceded for 20-25 mm
to the expected stylomastoid foramen. After aspiration
for blood, PRF at 42 V, 2 Hz, and 10 milliseconds for 10
minutes was administered.

Data Assessment

The information obtained included clinical information
and data of the quantitative pupillometry.
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Statistical Methods

Data were explored with Minitab 18 (Minitab Inc., State
College, PA, USA) using Student’s t-test, and y2 test. Analysis
of variance was used to differentiate between the groups of
tinnitus patients treated with pulsed radiofrequency with
42 volts of C2 dorsal root ganglion, the auricular branch
of the vagal nerve, the auriculotemporal nerve, or the
facial nerve. A P-value smaller than 0.05 was statistically
significant.

RESULTS

In a one-year period, 57 tinnitus patients underwent
pupillometry and a pulsed radiofrequency therapy with
42 volts (Table 1). The pulsed radiofrequency with 42
volts of various nerves gave in 40-60% of the patients a
reduction of tinnitus with a 0-6% chance on side-effects
(Table 2). There was no statistical difference in the results
between the various nerves.

Postoperative BPD, MCA and MCV were statistically
significant between the various treatments (Table 3). PRF
of the vagal nerve and the facial nerve induced a lower MCV
than the PRF of the auriculotemporal nerve and the C2
dorsal root ganglion.

Thetrigeminocervical complex consist ofthetrigeminaland
the cervical dorsal root ganglia. The pupillometry of these
nerves were compared with the pupillometry of the facial
and vagal nerves (Table 4). Pulsed radiofrequency of the
trigeminocervical nerves induced a statistically significant
higher postoperative BPD, MCA, and MCV compared to
the facial and vagal nerves and less impairment in the
difference between the pre- and postoperative MCA and
MCV. This might indicate that PRF of the trigeminocervical
nerves had little parasympathetic and sympathetic effects
in contrast to the impairment of parasympathetic and
sympathetic nervous system induced by PRF of the facial
and vagal nerves.

Table 1: Clinical Characteristics of the patients with tinnitus.

Prevalence Median Q1-Q3

Age (year) 56 48 - 66
Gender (male) 66%

Hearing loss (dB) at:

250 Hz 10 5-20

500 Hz 10 5-25

1 kHz 15 5-29

2 kHz 15 5-30

4 kHz 25 15-49

8 kHz 40 15-60

Pupillometry pre-operative

BPD (mm) 3.8 3.3-44

MCA (mm) 1.1 0.8-1.3

MCV (mm/sec) 3.2 23-3.8

Q1 - Q8: Inter-Quartile Range; BPD: Basal Pupil Diameters; MCA: Maximum Constriction Amplitude; MCV: Maximum Constriction

Velocity.

Table 2: Results and side-effects of PRF of various nerves on tinnitus.

Vagal nerve (n=22) Facial nerve (n=16) Auriculotemporal nerve (n=9) Ganglion C2 (n=5) P-value
Positive effect of therapy 41% 44% 56% 60% 0.525
Moderate to good effect 32% 38% 44% 60% 0.323
Side-effects 5% Increase of tinnitus 6% Leg cramps 0% 0% 0.651
Table 3: The pupillometric effects of pulsed radiofrequency therapy of various nerves.
Vagal nerve (n=43) Facial nerve (n=32) Aur:lef'cleozﬁr:?g; al Ganglion C2 (n=10) p-value
Preoperative
BPD (mm) 39 086 36 0.77 42 054 42 0.85 0.050
MCA (mm) 1.2 0.67 1.0 055 1.1 0.29 1.1 029 0.305
MCV (mm/s) 35 1.83 32 290 3.8 1.88 3.1 1.06 0.767
Postoperative
BPD (mm) 3.7 1.00 34 041 42 0.56 3.7 034 0.005
MCA (mm) 1.0 0.40 0.8 0.46 1.2 037 09 0.29 0.023
MCV(mm/s) 29 125 25 067 39 1.01 3.2 0.56 0.000
Difference
BPD (mm) -0.2 0.69 -0.3 0.63 -0.1 0.30 -0.5 0.78 0.447
MCA (mm) -0.2 0.64 -0.2 0.49 0.0 0.30 -0.1 0.34 0.327
MCV (mm/s) -06 1.60 -0.7 257 0.1 1.5 0.2 0.81 0.408
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Table 4: The pupillometric effects of pulsed radiofrequency therapy of the nerves of the trigeminocervical complex compared with

pulsed radiofrequency therapy of the facial and vagal nerves.
PRF of ganglion C2 or

PRF of the facial or the vagal

auriculotemporal nerve (n=28) nerve (n=75) p-value
Preoperative
BPD (mm) 42 0.65 3.8 0.83 0.008
MCA (mm) 1.1 0.28 1.1 0.64 0.850
MCV (mm/s) 35 1.65 3.4 233 0.668
Postoperative
BPD (mm) 4.0 0.53 3.6 0.81 0.002
MCA (mm) 1.1 0.36 0.9 0.44 0.036
MCV (mm/s) 3.6 0.92 2.7 1.05 0.000
Difference
BPD (mm) -0.2 0.54 -0.2 0.66 0.848
MCA (mm) 0.0 0.31 -0.2 0.58 0.029
MCV (mm/s) 0.1 1.32 -0.6 2.06 0.042

Table 5: Postoperative MCA following PRF of the various nerves and the relation to a successful result of therapy.

Postoperative MCA (mm)

Vagal nerve 1.0 0.40 1.0
Facial nerve 0.8 0.46 0.8
Auriculotemporal nerve 1.2 0.37 1.3
Ganglion C2 09 0.29 1.0
p-value 0.023

Beneficial result of PRF

No effect of PRF P-value
0.30 09 0.46 0.405
0.22 0.7 0.29 0.060
0.24 1.1 0.33 0.148
0.13 1.0 0.32 0.976

Table 6: Postoperative MCA following PRF of the nerves of the trigeminocervical complex compared with pulsed radiofrequency
therapy of the facial and vagal nerves and the relation to a successful result of therapy.

Postoperative MCA (mm)

PRF of ganglion C2 or auriculotemporal nerve 1.1 0.36
PRF of the facial or the vagal nerve 09 044
p-value 0.036

There is a statistical significant difference in postoperative
MCA for the PRF of the various nerves, but the
postoperative MCA was not related to the results of
therapy (Table 5). There was also a statistical significant
difference in postoperative MCA when the PRF of the
trigeminocervical nerves was compared to the PRF of the
facial and vagal nerves (Table 6). However, the success
of therapy was not related to the postoperative MCA.

DISCUSSION

The pulsed radiofrequency with 42 volts of various
cervical and cranial nerves gave in 40-60% of the patients
a reduction of tinnitus with a 0-6% chance on side-effects.
Postoperative BPD, MCA and MCV were statistically
significant between the various treatments. PRF of the
trigeminocervical nerves had little parasympathetic
and sympathetic effects in contrast to the impairment
of parasympathetic and sympathetic nervous system
induced by PRF of the facial and vagal nerves. The
results of pulsed radiofrequency with 42 volts of various
cervical and cranial nerves on tinnitus were not related to
postoperative parasympathetic measurements.

Tinnitus is thought to arise from aberrant neural activity
within central auditory pathways that may be influenced
by multiple brain centres, including the somatosensory
system'!. The cochlear nucleus is the central site for
multisensory integration of inputs originating in sources

Beneficial result of PRF No effect of PRF P-value
1.2 034 1.0 0.37 0.214
1.0 0.44 0.8 042 0.066

other than the auditory nerve, namely, somatosensory
inputs from the trigeminal ganglia, cervical dorsal root
ganglia, spinal trigeminal nucleus, and dorsal column
nuclei’?. Mossy fibres from the spinal trigeminal and
dorsal column nuclei end in the granule cell domain'. En
passant boutons from the trigeminal and cervical ganglia
innervate the granule cell domain and also the core
region of the cochlear nucleus. Also, the lateral reticular
formation, which receives projections from diverse brain
stem pathways and the spinal cord, projects to the
granule cell domain of the cochlear nucleus.

Electric stimulation of the cervical and cranial nerves can
suppresstinnitus*®. The challengeistofind out which nerve
can be used for each type of tinnitus. Tinnitus patients
may suffer from parasympathetic dysfunction, which can
be measured with pupillometry’. Especially BPD and
MCA, measured with pupillometry, are reliable measures
associated with the outcome of vagal nerve stimulation
in patients with tinnitus'. Despite the close relationship
between BPD and LC activity, the mechanisms underlying
this relationship are not yet fully understood. Also, the
influence of PRF of the various cervical and cranial nerves
on pupillometry is unknown and this can provide us with
further knowledge in the therapy of tinnitus.

The first cervical roots are intensely connected to the
trigeminal system™. Somatosensory input to the cervical
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and trigeminal ganglia is transmitted directly and
indirectly through second order nuclei to the ventral and
dorsal cochlear nucleus (VCN, DCN) and to the inferior
colliculus™. The apical dendrites of fusiform cells are
activated through stimulation of the trigeminal or the C2
ganglion'®. The C2 ganglion also projects to the primary
dendrites of unipolar brush cells, and the distal dendrites
of granule cells™. In our study, in patients with PRF of
the C2 ganglion the BPD decreased and the MCA and
MCV remained the same. We concluded that PRF of
the ganglion C2 did not impair the parasympathetic and
sympathetic nervous system.

Either the ophthalmic division or the mandibular division
of the trigeminal nerve are used for electrical stimulation
of the trigeminal ganglion®'4. The trigeminal tract in
the brainstem does not receive just afferents from the
trigeminal ganglion, but also from other nerves such as
vagal and nerves from the upper cervical segments'”.
Trigeminal sensory nuclei project bilaterally to multiple
nearby brainstem nuclei, including the nucleus tractus
solitarius, the locus coeruleus and the dorsal raphe
nucleus™. Stimulation of the trigeminal nerve produces
neuronal excitation in the VCN, and a complex mixture
of excitation and inhibition in the DCN'®. The C2 pathway
mostly inhibits and the trigeminal pathway mostly excites
neurons in the DCN'". The localization and response
characteristics of these units upon stimulation of the
trigeminal ganglion are consistent with those of the
fusiform or giant cells in the DCN and bushy or stellate
cells in the VCN2. In our study, patients with PRF of the
trigeminal nerve did not change the postoperative BPD,
MCA and MCYV considerably and we concluded that PRF
of the trigeminal ganglion did not influence the autonomic
nervous system.

Vagal nerve stimulation is an effective and safe method for
reducing tinnitus?'. The vagal nerve innervates the nucleus
tractus solitarius, which sends excitatory projections to
the LC via the nucleus paragigantocellularis, and to the
caudal ventrolateral medulla?>?3, The caudal ventrolateral
medulla inhibits the rostroventrolateral medulla, which in
their turn excites the sympathetic preganglionic neurons
in the intermediolateral cell column of the spinal cord.
This inhibition would decrease sympathetic activity.
Locus coeruleus neurons also project to the cochlear
nucleus and to the auditory cortex, inhibiting the
spontaneous firing of the neurons®. The network of vagal
nerve stimulation activates also the trigeminal brainstem
nuclei and the nucleus cuneatus and a direct effect on
the cochlear nucleus could also a possible mechanism of
action in tinnitus patients®. In our study, patients with PRF
of the vagal nerve did impair the postoperative BPD, MCA
and MCV considerably although it did not reach statistical
significance.

The facial, glossopharyngeal, and vagal nerves do not
have their own sensory brainstem nuclei but convey
their somatosensory information to the brainstem nuclei
of the trigeminal nerve®. The facial nerve is also partially
composed of parasympathetic neurons®. In our study,
PRF of the facial nerve did impair the postoperative BPD,
MCA and MCV considerably although it did not reach
statistical significance.

The results of pulsed radiofrequency with 42 volts of
various cervical and cranial nerves on tinnitus were not
related to postoperative parasympathetic measurements.
Also, all the cervical and cranial nerves treated with PRF for
tinnitus were connected to the cochlear nucleus and also
to the locus coeruleus (Figure 1). Therefore, it is a hard
to make a distinction between the roles of the cochlear

| C2 nerve | | Trigeminal nerve |

Facial nerve | | Vagal nerve |

' |

| The trigeminal and dorsal root ganglia |

Dorsal motor nucleus of the vagal nerve
v Medullary reticular formation, including
_ ) K . the spinal trigeminal nucleus.
The trigeminal nuclei Nucleus of the solitary tract
I |
The The dorsal Amygdala Facialis and
spinothalamic column-medial Parasympathetic | | Sympathetic trigeminal nerves
pathway lemniscal Medial
edia Auditor
system ) v
geniculate — Cortex
body
Trigeminal NucleUs
system Paragigantocellularis direct inputs from sympathetic neurons,
- the dorsal horn, spinal trigeminal system,
Small, en passant Mossy fiber- and superior and Inferior Colliculus.
endings in the parallel fiber-
granule cell fusiform cell . .
domain and core pathway in the Trigeminal system
region of the cochlear
cochlear nucleus. nucleus | Nucleus Prepositus hypoglossus H Visual and vestibular systems |

Figure 1: Theoretical model for cervical and cranial nerve stimulation in tinnitus patients.
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nucleus or the locus coeruleus in the mechanisms of
action of PRF of the cervical and cranial nerves. Because
of the lack of correlation between parasympathetic
measurements and the effect of therapy, we suggest that
the most likely site of action of PRF of cervical and cranial
nerves in tinnitus is the cochlear nucleus.

Small sample size was the major limitation of this study.
The statements in our study are limited owing to its
backward-looking quality and a prospective investigation
with a larger number of patients is advised to affirm the
outcome and our interpretations.

CONCLUSION

This study was intended to assess the impact of pulsed
radiofrequency stimulation of cervical and cranial nerves
on pupillometry measures. The pulsed radiofrequency
with 42 volts of various cervical and cranial nerves gave
in 40-60% of the patients a reduction of tinnitus with a
0-6% chance on side-effects. Postoperative BPD, MCA
and MCV were statistically significant between the various
treatments. PRF of the trigeminocervical nerves had little
parasympathetic and sympathetic effects in contrastto the
impairment of parasympathetic and sympathetic nervous
system induced by PRF of the facial and vagal nerves.
The results of PRF with 42 volts of various cervical and
cranial nerves on tinnitus were not related to postoperative
parasympathetic measurements. Because of the lack of
correlation between parasympathetic measurements and
the effect of therapy, we suggest that the most likely site
of action of PRF of cervical and cranial nerves in tinnitus
is the cochlear nucleus.
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