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Abstract

Context: Pathological changes secondary to degeneration of the cervical intervertebral disc may cause irritation of
sympathetic nerve fibers, leading to sympathetic symptoms and tinnitus.

Objectives: The aim of this study was to relate the effect of percutaneous radiofrequency treatment of superior cervical
sympathetic ganglion in patients with tinnitus to cervical pathology.

Method: A retrospective study of 74 consecutive patients who underwent treatment of the superior cervical sympathetic
ganglion for tinnitus that persisted for 1 month or longer from October 2016 to January 2018. The work-up of a patient
with tinnitus consisted of a standardized clinical history, a bilateral audiogram and a cervical spine radiograph.

Results: All patients had a test blockade of superior cervical sympathetic ganglion first, and 54% of these patients
(n=40) responded with a reduction of their tinnitus. These patients underwent a radiofrequency lesion and 53% (n=21)
responded with a reduction of their tinnitus at 7 weeks following treatment. The size of anterior osteophyte at the fifth
cervical vertebrae was related to a positive response at 7 weeks following this treatment. Patients with tinnitus and an
anterior osteophyte at vertebrae C5 more than 17% of the width of those vertebrae had a success rate of 52% following
treatment of the superior cervical sympathetic ganglion, compared to 13%, when the anterior osteophyte at C5 was
17% or less.

Conclusions: The size of anterior cervical osteophytes is associated with a higher success rate of radiofrequency
lesions of the superior sympathetic ganglion for tinnitus. The current results imply a role for cervical sympathetic
nervous system irritation in the development of tinnitus in a subgroup of patients.

Keywords: tinnitus, superior cervical ganglion, radiofrequency ablation, sympathetic ganglia, sympathetic nervous
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INTRODUCTION

Tinnitus is a frequently debilitating symptom of
which the underlying pathophysiology is incompletely
understood'. Multiple theories have been suggested,
one of which includes that tinnitus may be related to a
reduced blood circulation to the inner ear?. Sympathetic
fibers innervating the cochlea play a role in control of
cochlear blood flow with direct sympathetic-induced
vasoconstriction®s. Blockade of the sympathetic fibers to
the cochlea may reduce local vasoconstriction and has
been described as therapy for tinnitus in a subgroup of
patients®.

Cochlear  sympathetic  innervation  mainly
originates at the superior cervical ganglion or at the
stellate ganglion’. Pathological changes secondary to
degeneration of the cervical intervertebral disc may cause
irritation of sympathetic nerve fibers®. To our knowledge,
the relation between cervical spine pathology and the
efficacy of sympathetic therapy has never been assessed.
Therefore, the aim of this study was to relate the effect
of percutaneous radiofrequency treatment of superior
cervical sympathetic ganglion in patients with tinnitus
to cervical spine pathology. We hypothesized that the
presence of radiographic cervical spine abnormalities was
associated with a higher response rate to percutaneous
radiofrequency treatment of superior cervical sympathetic
ganglion in patients with tinnitus.

METHODOLOGY

Subjects

The Medical research Ethics Committees United
(Nieuwegein, the Netherlands) approved the present
observational study and waived the request for informed
consent for the current study. A retrospective chart review
was conducted. All patients that were treated with an
initial test blockade of the superior cervical sympathetic
ganglion to our clinic between October 2016 and January
2018 for tinnitus that persisted for 1 month or longer were
included. There were no exclusion criteria. All patients
were previously consulted by an otorhinolaryngologist
and all patients who suffered with unilateral tinnitus
had anatomical pathology ruled out by MRI. The work-
up of a patient with tinnitus consisted of a standardized
clinical history, a bilateral audiogram and a cervical spine
radiograph. The standardized clinical history included
tinnitus characteristics (left side and/or right side,
traumatic cause, duration of complaints and age of onset,
and concomitant symptoms (self-reported hearing loss,
the presence of dysbalance, dizziness, and cervicalgia).

A standardized bilateral clinical audiogram
assessed pure tone thresholds at 125, 250, 500, 1000,
2000, 4000, and 8000 Hz.
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Figures 1 (A) and 1 (B). Procedures of measurements of disc height
and of the size of anterior osteophyte.

» The intervertebral disc space height of the five
cervical levels, as assessed by the Farfan’s
measurement (FM): (anterior disc height+posterior
disc height)/disc diameter x 100% (Figure 1A)°.

+ The size of the anterior osteophyte relative to the
size of the cervical vertebrae, as calculated by
dividing the distance of the anterior border of the
largest anterior osteophyte to the anterior border
of the cervical vertebrae by the width of the cervical
vertebrae at the middle x 100% (Figure 1B).

Treatment of the Superior Cervical Sympathetic
Ganglion

All injections of the superior cervical sympathetic
ganglion were performed by an experienced
anesthesiologist (HMK) in a routine manner on an
outpatient basis.

The blockade of the superior cervical sympathetic
ganglion was carried out with the patient lying supine on
an X-ray table. No premedication or sedation was used so
thatthe patients would be able to report the pain sensations
during the procedure. Under X-ray guidance, a 23-gauge
radiofrequency top-pole needle with an active tip of 5 mm
(Top Neuropole needle XE-S, Tokyo, Japan) was inserted
for the test blockade and for the radiofrequency lesion.
All blocks were performed as previously described®°,
In lateral projection, the entry point of the needle was
chosen at the level of the facet joint of the third and
fourth cervical vertebrae. The direction of radiographic
projection was changed in such a way that the facetal
column was projected over the anterolateral aspect of the
vertebral bodies. After disinfecting the puncture site with
60% chlorhexidine in alcohol, the needle was introduced
parallel to the radiographic projection and was projected
as a dot approximately 1 cm anterior to the spine. The
radiographic projection was then changed to lateral, and
the needle was slowly advanced until the tip was situated
at the anterior border of the third cervical vertebra. On
the anteroposterior projection, the aim was to project
the tip of the needle over the lateral part of the facetal
column. When the tip of the needle was in position, 0.3
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mL of lohexol (Omnipaque, Eindhoven, the Netherlands)
was injected. On the transverse projection, the aim of the
contrast was to lie distinctly anterior to anterior border of
the vertebral bodies and in the anteroposterior projection
the contrast was aimed to spread in a space overlying the
facetal column in a cranial as well as caudal direction. The
correct position of the needle was subsequently verified
by an electrical stimulus of 50 Hz. Paraesthesia should be
obtained at the lateral aspect of the neck with less than
1.0 V, the needle was repositioned if necessary. During the
test blockade, bupivacaine 0.25% 1.5 mL (Bupivacaine
Aurobindo, Baarn, the Netherlands) was injected. If the
patient reported a significant reduction of the tinnitus (i.e.,
25% or more), the same procedure was repeated again to
produce a radiofrequency lesion of the superior cervical
sympathetic ganglion. The superior cervical sympathetic
ganglion was then anaesthetized with 2 mL lignocaine 2%
(Lidocaine HCL Braun, Melsungen, Germany) followed
by a radiofrequency lesion of 16 V for 60 seconds
using the NeuroTherm® TLG-10 radiofrequency lesion
generator (Neurotherm Inc., Wilmington, MA, USA). No
temperature monitoring or any other testing besides the
electrical stimulus of 50 Hz was used. The patients were
being observed and monitored in the recovery room for a
minimal of 30 minutes and discharged home. All patients
were re-evaluated by the interventionist 7 weeks after
treatment.

Data assessment

Patient charts were reviewed retrospectively to
identify those who underwent a treatment of the superior
cervical sympathetic ganglion for tinnitus. Data recorded
from these patients were patient characteristics (age,
sex), tinnitus characteristics (left side and/or right side,
traumatic, duration of complaints, and age of onset),
comorbidity (self-reported hearing loss, the presence of
misbalance, dizziness, and cervicalgia), and self-reported
benefit from treatment after 7 weeks. The results of the
audiogram were obtained for the ear in which the tinnitus
predominated. If the tinnitus was perceived as equal
between both sides the average of the results of the
audiogram of both sides were computed and used. The
above mentioned measurements of the cervical spine
radiograph were obtained.

Statistical methods

Statistical analysis was performed with Minitab
16 (Minitab Inc., State College, PA, USA). A Chi-square
test was used for dichotomous variables, and Student’s
t-test was used for continuous variables. Discriminant
analysis for division in two groups was used to evaluate
the correlation of the most significant variable of the
measurements of the cervical spine radiograph with
the self-reported benefit from treatment of the superior
cervical sympathetic ganglion in patients with tinnitus.
Data are presented as Mean (Standard Error of the
Mean) unless otherwise specified. A value of P<0.05 was
considered statistically significant.

RESULTS

From October 2016 to January 2018, 74 patients
underwent treatment of the superior cervical sympathetic
ganglion to treat their tinnitus. Forty patients (54%)
responded with a reduction of their tinnitus (i.e. 25% or
more) to the test blockade. These responders underwent
a radiofrequency lesion and 21 patients (53%) responded
with a reduction of their tinnitus at 7 weeks following
treatment.

Patients with a positive effect of a radiofrequency
lesion of the superior cervical sympathetic ganglion on
the tinnitus at 7 weeks were compared with the non-
responders (Table 1). The presence of vertigo, cervical
pain, and the severity of hearing loss at 125, 250, 500,
and 1000 was increased in the responders as compared
to non-responders to treatment. The size of anterior
osteophyte at the vertebrae C5 was greater in patients
with to a positive response at 7 weeks following superior
cervical sympathetic ganglion treatment compared to
non-responding patients.

Discriminant analysis of all the patients showed an
anterior osteophyte at vertebrae C5 of more than 17% of
the width of that vertebrae was associated with a higher
success rate following treatment of the superior cervical
sympathetic ganglion (Proportion Correct=0,730).
Patients with an anterior osteophyte at vertebrae C5
of more than 17% of the width of the vertebrae were
compared to the other patients in Table 2. Patients with this
anterior osteophyte at vertebrae C5 were characterized
by disc degeneration at C5-C6 and C6-C7 and larger
anterior osteophyte at the vertebrae C6. In these patients,
52% of them had a reduction of their tinnitus at 7 weeks
following treatment of the superior cervical sympathetic
ganglion. If there was a positive test-blockade before the
radiofrequency lesion the success-rate of this therapy
increased to 65%.

An anterior osteophyte at the fifth cervical vertebrae
larger than 17% of the width of the fifth vertebrae lesion
has a sensitivity of 65% and a specificity of 58% in
predicting the effect of superior cervical sympathetic
ganglion treatment in patients with tinnitus. The positive
and negative predictive values were 71% and 58%
respectively.

No adverse events of the radiofrequency lesion of
the superior cervical sympathetic ganglion were reported
at 7 weeks of follow-up.

DISCUSSION

The current study shows that the presence of major
anterior osteophytes at the cervical vertebral column
increases are associated with an improved response
to a radiofrequency lesion of the superior cervical
sympathetic ganglion in tinnitus patients. This finding
supports the theory that the sympathetic nervous system
is an important contributor to tinnitus in a subgroup of
patients™".
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Table 1. Sociodemographic features of the patients (N=132).

Condition Responders (n=21) Non-responders (n=53) P-value
Prevalence Mean SEM Prevalence Mean SEM
Vertigo 57% - 30% - 0.031
Self-perceived hearing loss 81% - 68% - 0.262
Cervical pain 90% - 53% - 0.003
Hearing loss (dB) at:
- 125 Hz - 416 84 - 18.1 3.7 0.030
- 250 Hz - 329 6.3 - 182 24 0.041
- 500 Hz - 33.1 59 - 182 22 0.027
- 1KHz - 35.0 5.7 - 193 24 0.019
- 2KHz - 325 5.2 - 234 25 0.122
- 4KHz - 47.7 5.9 - 39.1 3.1 0.210
- 6 KHz - 67.6 7.0 - 51.8 4.0 0.069
- 8KHz - 555 6.7 - 49.8 3.4 0.454
Angle between vertebrae (degrees):
-C2-C3 - 43 0.8 - 31 07 0.265
-C3-C4 - 20 09 - 1.5 0.8 0.676
-C4-C5 - 09 1.0 - 1.8 0.6 0.475
-C5-C6 - 05 1.0 - 1.2 0.7 0.590
-C6-C7 - 45 1.5 - 31 07 0.419
Farfan’s measurement of disc space height (%):
-C2-C3 - 38.4 1.5 - 406 1.0 0.237
-C3-C4 - 34.0 1.7 - 374 14 0.126
-C4-C5 - 359 1.4 - 36.0 1.4 0.962
-C5-C6 - 26.7 1.8 - 28.7 1.4 0.404
-C6-C7 - 26.2 2.2 - 276 1.6 0.609
Size of anterior osteophyte (%) at:
-C3 - 53 1.3 - 57 09 0.838
-C4 - 86 1.3 - 105 1.2 0.269
-C5 - 19.8 1.3 - 153 1.1 0.009
-Cé - 128 15 - 126 1.2 0.930

dB: decibel, Hz: Hertz, KHz: Kilohertz, SEM: Standard error of the mean.

Tinnitus has previously been associated with
cervical pathology™ and cervical spine abnormalities
can manifest itself as hearing loss, vertigo, or tinnitus'4.
Especially the upper segments of the cervical spine are
considered in the pathogenesis of tinnitus'. In the current
study the lower cervical segments from C5 to C7 showed
the most prominent abnormalities, which are cervical
disc degeneration at C5-C6 and C6-C7 together with
large anterior osteophytes at the fifth and sixth cervical
vertebrae.

Somatosensory modulation of tinnitus originates
from the complex somatosensory-auditory interactions
arising from the temporomandibular joint, craniocervical
junction, cervical vertebrae, and neck and shoulder
muscles’®. Somatic disorders have been shown to play a

central role in a large portion of patients with tinnitus and,
when correctly identified and treated, can represent a valid
therapeutic option. Somatic testing may identify patients
who could be treated with somatosensory system-related
therapies'®. Therefore, the aim of this study was to relate
the effect of sympathetic therapy in patients with tinnitus
to cervical spine pathology.

The current results imply a role of cervical spine
pathology and sympathetic nervous system irritation in
the pathogenesis of tinnitus in a subgroup of patients.
Clinical reports of the relationship between the cervical
sympathetic nerves and complaints of tinnitus, dizziness,
hearing loss, headache, and neck pain have been called
the Barré-Liéou syndrome®'”. The syndrome is believed
to be caused by trauma or degeneration of the cervical

100

International Tinnitus Journal, Vol. 22, No 2 (2018)
www.tinnitusjournal.com



Table 2. Patient characteristics for patient groups with the presence or absence of an anterior osteophyte at the fifth vertebrae

larger than 17% of the width of the fifth vertebrae.

Anterior osteophyte at C5 larger than

Anterior osteophyte at C5 of 17% or

Condition 17% less P-value
Prevalence Mean SEM Prevalence Mean SEM
Number of patients (%) 29 (39%) - 45 (61%)
Vertigo 48% - 31% 0.137
Self-perceived hearing loss 76% 69% 0.516
Cervical pain 79% 53% 0.03
Effect all patients SCGS: 52% 13% 0
Effect Rf SCGS after positive test: 65% 35% 0.061
Farfan’s measurement of disc space height (%):
-C2-C3 40.0 1.0 404 1.0 0.729
-C3-C4 35.7 1.4 375 1.2 0.332
-C4-C5 359 13 35.7 1.2 0.913
-C5-C6 228 1.3 31.3 11 0
-C6-C7 238 1.4 294 1.4 0.005
Size of anterior osteophyte (%) at:
-C3 70 1.0 49 0.7 0.084
-C4 10.6 0.9 89 1.0 0.175
-C5 234 0.7 11.4 0.6 0
-Cé 16.0 1.2 104 0.9 0

SEM: Standard error of the mean. Rf: Radiofrequency lesion; SCSG: superior cervical sympathetic ganglion

column with a protrusion of the anterior border of the
third and fourth cervical vertebrae or disks irritating the
cervical sympathetic nerves, and resulting in local
vasoconstriction. The sympathetic nervous system plays a
significant role in the control of cochlear microcirculation,
and the superior cervical ganglion is probably the main
origin of sympathetic fibers which innervate the cochlear
vessels®®. Blockade of the sympathetic fibers to the
cochlea has previously been reported to reduce the
intensity of tinnitus®. In the current study we show that,
in addition to the previously described middle cerebral
vertebrae, the lower cervical vertebral column can also
produce symptoms as in the Barré-Liéou syndrome.

In our study, a reduction of tinnitus following a
radiofrequency lesion of the superior cervical sympathetic
ganglion was seen in 53% of the patients with tinnitus
who had a positive test blockade first. This is similar to the
numbers that Matoba et al. found in patients with vibration
disease™. Presence of vertigo, cervical pain, a low-
frequency hearing loss and larger anterior osteophyte at
the C5 vertebrae are characteristics that predict a positive
effect of RF treatment. Especially the anterior osteophyte
is discriminating for a positive result, since patients with
the presence of an osteophyte had a success rate of 52%
compared to a success rate of 13% for patients without an
osteophyte. Using the size of anterior osteophyte at the
fifth cervical vertebrae as diagnostic test for performing
superior cervical sympathetic ganglion treatment in
patients with tinnitus, positive and negative predictive
values of 71% and 58% could be obtained, respectively. A
positive response to test blockade of the superior cervical
sympathetic ganglion will further support the diagnosis
and will also increase the success-rate of this treatment.

This study has several limitations. First, the current

retrospective study comes with inherent limitations.
A prospective follow-up study would be necessary to
confirm these results. Second limitation is the number
of patients in this study. Even though these numbers
are sufficient to demonstrate an effect in this explorative
study, re-evaluation of these predictors are necessary in
a larger cohort. Although it has been hypothesized that
blockade of the superior cervical sympathetic ganglion
improves tinnitus symptoms by increasing cochlea blood
flow, this has not been investigated in the current study
and therefore remains a hypothesis.

CONCLUSION

The current study shows that large anterior cervical
osteophytes are associated with an improved treatment
effect of radiofrequency lesions of the superior cervical
sympathetic ganglion in patients with tinnitus. In particular,
discriminant analysis showed that the presence of an
anterior osteophyte at vertebrae C5 of more than 17% of
the width of that vertebrae in patients with tinnitus was
associated with an improvement with treatment of the
superior cervical sympathetic ganglion. In patients with
persistent tinnitus, radiographic study of the cervical
spine and treatment of the superior cervical sympathetic
ganglion may be considered.
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