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Abstract

Tinnitus represents one of the most common and distressing otologic problems, and it causes various somatic 
and psychological disorders that interfere with the quality of life. Treatments for tinnitus include pharmacotherapy, 
cognitive and behavioral therapy, sound therapy, music therapy, tinnitus retraining therapy, massage and stretching, 
and electrical suppression. In this case report we present a potential treatment, namely pulsed radiofrequency to 
the ganglion C2.
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INTRODUCTION

Tinnitus is characterized by the perception of 
sound in the absence of external stimuli. More than 35 
million American adults experience tinnitus1, with 2-3 
million severely debilitated by this distressing symptom. 
Although many adjust successfully, others are severely 
disabled by the condition2.

Numerous neurological, vascular and other somat-
ic disorders have been linked to the development of the 
tinnitus3. Therefore no single treatment will be effective 
for treating all tinnitus patients. Different treatments will 
be needed for different subgroups. Possible treatments 
for tinnitus include pharmacotherapy, cognitive and be-
havioral therapy, sound therapy, music therapy, tinnitus 
retraining therapy, massage and stretching, and electrical 
suppression4. In this case report we present a possible 
treatment for tinnitus, namely pulsed radiofrequency to 
the ganglion C2.

CASE REPORT

A 56-year-old male with a sixteen-year history of 
tinnitus was admitted to our pain clinic for treatment. He 
presented himself with complaints of tinnitus bilaterally 
and of equal intensity. His hearing was intact and he did 
not have any cervical complaints or dizziness. Ear nose 
and throat examination and audiogram did not reveal 
any specific disorders. The tinnitus was unresponsive to 
medication, in this case betahistine. Further medication 
included mirtazipine, an anti-depressant, and diazepam, 
a benzodiazepine. Both did not influence the intensity 
of his tinnitus.

Physical examination showed an intact move-
ment of his cervical spine, hypertonic and painful 
trapezial muscles, and no other specific findings. Treat-
ment via pulsed radiofrequency of the ganglion C2 
was proposed. The patient gave informed consent to 
the treatment.

The procedure was performed by an experienced 
anesthesiologist on an outpatient basis. The procedure 
took place without sedation and by utilizing a C-arm fluo-
roscopic machine with a radiolucent table. 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. The skin was prepared and 
two 22-gauge, 100 mm-long needles with a 5 mm active 
tip were placed and directed toward the posterolateral 
aspect of the atlanto-occipital joint, shown in Figure 1 
A and B. The C-arm was rotated to the horizontal plane 
and the needles 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 ms for 
120 seconds.

Following the procedure, patient stayed in the 
recovery-room for half an hour. The patient’s vital signs 
were stable and he was discharged home in good health.

Four weeks later the patient presented himself for 
follow up. The tinnitus had resolved majorly, only minor 
tinnitus remained during the first hours after waking. 
After three months the tinnitus had not resurfaced, so no 
further follow-up or treatment was necessary.

DISCUSSION

Tinnitus represents one of the most common and 
distressing otologic problems, and it causes various so-
matic and psychological disorders that interfere with the 
quality of life5. If tinnitus persists for more than 2 years, it 
is considered permanent and irreversible.

Tinnitus does not represent a disease itself but is 
a symptom of a variety of underlying conditions6. There 
is considerable debate about its cause. Any pathologic 
lesion in the auditory pathway or any reduction in audi-
tory nerve function has the potential to produce tinnitus6.
However, in many cases no underlying physical cause 
is identifiable.

Several theories have been proposed to explain 
the mechanisms underlying tinnitus. Recent research 
has employed state-of-the-art imaging and measurement 
technology to examine tinnitus-related activity in the ear, 
auditory nerve, and auditory tracts of the brain. These 
studies have increasingly focused on exploring changes 
in putative brain-related mechanisms. The complexity of 
these changes in the nervous system associated with 
tinnitus might explain why this condition has proved so 
resistant to treatment.

Chronic tinnitus can be caused by whiplash 
injuries or functional disorders of the cervical spine7. 
Craniocervical tinnitus is argued to be caused by central 
crosstalk within the brain, because certain head and 
neck nerves enter the brain near regions known to be 
involved in hearing. Complex multimodal interactions 
exist between the auditory pathway and other sensory-
motor systems innervating the head, neck and shoulders. 

Figure 1. Anteroposterior and lateral view of the atlantooccipital joint 
and ganglion C2 with correct needle placement.
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The atlanto-axial joint and the ganglion C2 can play 
a role in maintaining the complaints of tinnitus and 
symptoms can be alleviated via transcutaneous electrical 
nerve stimulation8. This can be explained via a neuronal 
pathway described in 1997 by Jansen and Loewy, located 
in the spine and of sympathetic origin9. Via pseudorabies 
virus injections in the stellate ganglion they were able to 
transneurally label a pathway that connects the cervical 
spine with the second thoracic vertebra and eventually 
connects with the superior cervical ganglion. These 
neuronal pathways enable us to explain sympathetic 
sensory input to result in innervation of the cochlea in 
the inner ear, and thus cause tinnitus.

Tinnitus remains difficult to treat, care may 
be directed towards management rather than cure. 
However, C2 ganglion treatment may prove promising, 
as shown in this case-report and earlier studies. 
Further research seems justified to better demonstrate 
and understand the positive effect of C2 ganglion 
blockade in tinnitus. In our opinion, C2 ganglion 
blockade seems worthwhile in patients with treatment-
resistant tinnitus. Especially, as it is a feasible and 
safe technique when performed by an experienced 
anesthesiologist10.
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