
 

 

 University of Groningen

Neurosurgical interventions at the cochlear nerve & nucleus for treatment of tinnitus
van den Berge, Minke

DOI:
10.33612/diss.119857076

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van den Berge, M. (2020). Neurosurgical interventions at the cochlear nerve & nucleus for treatment of
tinnitus. [Thesis fully internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.
https://doi.org/10.33612/diss.119857076

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://doi.org/10.33612/diss.119857076
https://research.rug.nl/en/publications/fc687bb4-0683-4736-aac7-c7772713efe7
https://doi.org/10.33612/diss.119857076


139  139  

8
General discussion and 

future perspectives

Minke J.C. van den Berge



 140  



141  

In the introduction of this thesis the pathophysiology of tinnitus was described. The general 
consensus is that tinnitus can arise as a result of abnormal neuronal activity in the central auditory 
pathways, often initiated by cochlear lesions such as hearing loss, noise trauma, or damage by 
ototoxic drugs. Damage to the cochlear nerve may also lead to tinnitus.

Several conservative and surgical treatment options were discussed in the introduction of this 
thesis. Tinnitus cannot be cured in most cases, but the majority of patients can be adequately 
managed with first line treatment options, e.g. counseling, sound therapy with hearing aids or 
sound generators, and cognitive behavioral therapy. Surgical intervention for tinnitus is becoming 
increasingly integrated in the list of treatment options. In the present thesis, we aimed to explore 
the possibilities, feasibility and effect of different (neuro)surgical treatment options for tinnitus at 
the level of the cochlear nerve and nucleus.

Addressing heterogeneity in tinnitus patients

Tinnitus patients can differ in several dimensions, as proposed by Cederroth et al. First, tinnitus 
perception is variable (e.g. laterality of tinnitus, tinnitus pitch, constant or paroxysmal, pulsatile 
or non-pulsatile). Second, tinnitus is associated with various risk factors (e.g. hearing loss, age) 
and related comorbidities (e.g. hyperacusis, depression, headache). Third, tinnitus distress differs 
largely among patients and lastly, there is a large variation in treatment responses.1 With these 
large differences in the tinnitus population, we may have to move away from a uniform ‘one 
size fits all’ approach to a more personalized treatment depending on the profile of the tinnitus, 
comorbidities and associated psychological distress. Moreover, subgroups of tinnitus may also 
explain the many negative treatment effects in several trials, as the results may be biased by the 
heterogeneity of study groups.

In Chapter 2, we performed a cluster analysis on a large dataset of tinnitus patients (n=1783) with 
the aim to identify subgroups of tinnitus patients. Two cluster analyses were carried out, one with 
a variable selection based on a strict methodological approach and one with variable selection 
based on expert opinion. Both analyses revealed clusters or subgroups of patients that were 
mostly differentiated by their response on external influences, such as loud sounds. However, 
both cluster outcomes showed a poor stability, indicating that the tested population comprised 
a continuum rather than clearly definable subgroups. Cluster analysis is a technique that is very 
sensitive to the input of variables, hence the selection of variables is critical for the outcome 
of the analysis. In our dataset, mainly audiometric and questionnaire data were included. As 
described before, tinnitus comprises several dimensions, leading to a large number of different 
variables. Other metrics such as structural anatomic data (MRI), functional anatomic data (fMRI), 
electroencephalography data, genetic components and previous treatment responses should be 
considered as well, however this would generate even more potential differentiating variables. 
Although we had a large dataset, clear clustering was not observed in our study, it is possible 
that subgroups of patients can still by defined by adding these data to a much larger analysis 
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with multiple variables. First, a standardized, multinational collection of tinnitus-relevant data 
is a prerequisite for big-data analyses.2 Addressing tinnitus heterogeneity has recently received 
special attention as this topic is one of the highlights of a new, EU-funded, European tinnitus 
collaboration.1,2 Concluding, in our database study we could not find clear clustering. In our 
opinion, this does not imply that tinnitus patients form one uniform group. The defining variables 
need to be further investigated. Tinnitus profiling or subtyping is very important to achieve better 
understanding of tinnitus and for the selection of the right, personalized treatment.

Surgical interventions and neurostimulation for tinnitus

Microvascular decompression surgery
A neurovascular conflict of the cochleovestibular nerve is reported to be a cause of tinnitus, 
sometimes in combination with vertigo and/or hearing loss. Consequently, relieving a 
neurovascular conflict with microvascular decompression (MVD) surgery may be a possible 
cure for tinnitus. Other well-known neurovascular conflict syndromes are hemifacial spasm and 
trigeminal neuralgia.3 For hemifacial spasm and trigeminal neuralgia, MVD surgery is a well-
established treatment option with high success rates (91% and 83%, respectively).4,5 For MVD 
surgery of the cochleovestibular nerve, well conducted research on the potential treatment 
success is lacking. In Chapter 3 we performed a systematic review and meta- analysis of individual 
patient data to investigate the effectiveness, complication rate and prognostic factors for success 
of MVD surgery of the cochleovestibular nerve for the treatment of tinnitus and/or vertigo. 
This systematic review showed that the percentage of patients with complete relief after MVD 
was low (in 28% of patients with tinnitus and in 32% of patients with vertigo). However, when 
patients had both tinnitus and vertigo, complete relief was achieved much more often (62%). An 
analysis of individual patient data also showed that patients with tinnitus combined with vertigo 
symptoms had a higher rate of treatment success than patients with tinnitus or vertigo alone. In 
Chapter 3, we hypothesized that this novel finding is probably caused by the fact that if a patient 
has both tinnitus and vertigo, it is more likely that the underlying pathology is a neurovascular 
conflict, considering that this particular nerve consists of a cochlear and vestibular branch and 
both branches are likely to be affected in a neurovascular conflict.

The systematic review also showed a substantial complication rate of 11% after MVD surgery. 
The success rate of MVD surgery of the cochleovestibular nerve was low, especially compared 
to the success rates of MVD of other cranial nerves. Presumably, this is not due to surgical 
skills or technique, but because of the difficulty to select the right patient for the surgery. It is 
challenging to correctly assign symptoms of vertigo and tinnitus to a neurovascular conflict 
of the cochleovestibular nerve, as it may be hard to distinguish these symptoms from other 
diseases such as Menière’s disease. Correctly diagnosing a symptomatic neurovascular conflict 
of the cochleovestibular nerve is even more challenging as neuroimaging (with MRI) seems not 
to be a very reliable diagnostic tool. Several studies have showed that neurovascular conflicts of 
the cochleovestibular nerve are similarly common in patients with tinnitus as in patient without 
tinnitus.6-8
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With the aim to get more insights in the clinical value of a neurovascular conflict detected on 
MRI, we investigated in Chapter 4 whether the degree or type of compression that is seen on 
MRI, such as nerve indentation or loop compression9, has a diagnostic value in patients with a 
neurovascular conflict on MRI. In this retrospective study, we analyzed MR-imaging of 220 ears 
in patients with tinnitus. In concordance with previous literature, we concluded that the mere 
presence of a neurovascular conflict of the cochleovestibular nerve on MRI did not correlate 
with ipsilateral tinnitus symptoms.6,7 Also, there was no definite relation between the type of 
compression and ipsilateral tinnitus and/or hearing loss. Therefore, the present data do not 
support the concept of a ‘cochleovestibular nerve compression syndrome’.10 It must be noted 
that the number of loop compression and indentation type of neurovascular conflicts that were 
found in our patient group was small and that these findings should be confirmed in a larger 
sample size than our group.

By summarizing the available evidence on neurovascular conflicts in tinnitus, we conclude that 
when a neurovascular conflict of the cochleovestibular nerve is found on MRI in a tinnitus patient 
this rarely relates to tinnitus symptoms, regardless of the type or degree of compression (Chapter 
4). When MVD surgery is considered as a treatment for a neurovascular conflict, one must keep in 
mind the low success rate of the procedure at the cost of a substantial complication rate of the 
surgery, as demonstrated in Chapter 3. Despite the poor correlation between tinnitus symptoms 
and a neurovascular conflict, the positive effect of the MVD surgery in cases with combined 
vertigo and tinnitus (complete relief in 62%) is remarkable. It suggests that combined tinnitus 
and vertigo in combination with evidence for a neurovascular conflict on MR-imaging may be a 
future indication for decompression surgery.

Neurostimulation of the auditory tract
Different neurostimulators at various levels of the auditory tract were discussed in the introduction 
of this thesis. Stimulation of the auditory tract as a treatment for tinnitus is based on the hypothesis 
that restoring (peripheral) sensory input can reduce or normalize the pathological organization of 
the central auditory system and can lead to a reduction of tinnitus perception.

Tinnitus has several analogies with other hyperexcitability disorders such as neuropathic pain.11 

Neuromodulation by continuous stimulation of the cochleovestibular nerve in order to reduce 
tinnitus was therefore proposed12, in line with the principles of direct spinal cord stimulation 
in patients with intractable neuropathic pain syndromes.13,14 A stimulation electrode with four 
contact points was designed for the purpose of direct stimulation of the cochleovestibular nerve 
by Staal and Holm et al.12 In 2014, a long-term evaluation of the first four implanted patients 
showed promising results in terms of Tinnitus Handicap Inventory (THI) scores and visual analogue 
scales (VAS).15 In Chapter 5, we described an extension of this study with the addition of another 
five implanted participants. In this long-term follow-up study, a significant decrease in THI-score 
and treatment success in a small majority of the patients was found. An unwanted side effect of 
the procedure however, was substantial (additional) damage to the sensorineural hearing loss 
in more than half of the implanted patients. We therefore concluded that this technique is not 
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a viable treatment option for tinnitus patients with normal hearing or with moderate hearing 
loss. For patients with severe hearing loss, multiple studies show consistent evidence that single 
sided deafness patients with a cochlear implant (CI) benefit from both hearing rehabilitation and 
tinnitus reduction.16 Combined, these results have led to the conclusion that there is currently no 
place for direct neurostimulation with a cuff electrode for tinnitus treatment despite the positive 
effect of electrical stimulation in a subgroup of patients. Further evaluation and exploration of this 
method was abandoned.

In the ongoing search for the most optimal target for stimulation along the auditory tract for 
tinnitus reduction, the auditory brainstem implant (ABI) was suggested. The rationale for the use of 
an ABI in tinnitus is based on previous results in patients with neurofibromatosis type 2 (NF2) who 
were implanted with an ABI for the purpose of hearing rehabilitation. Several studies described 
a beneficial ‘side-effect’ of tinnitus reduction in these patients.17-19 Based on this direct clinical 
evidence and on previous preclinical studies20,21, we designed a prospective interventional pilot 
study to investigate the effect of stimulation with the ABI in patients with intractable, unilateral 
tinnitus (Chapter 6). This is the first study to prospectively investigate the ABI for the primary goal 
of tinnitus reduction. Also, to our knowledge it is novel to implant this type of hearing device in 
patients without complete hearing loss. We hypothesized that the ABI can be implanted without 
damaging the auditory tract and thus acoustic hearing can be preserved.

The ABI-study is still in progress. In this thesis, we presented the preliminary results of the first 
two implanted patients in Chapter 7. The first two implantations were successfully conducted 
without major complications. We observed that one year after activation of the ABI, both tinnitus 
related questionnaires-scores (Tinnitus Functioning Index [TFI] and THI) were reduced (meaning 
a decline in tinnitus handicap). The absolute reduction in both questionnaires scores exceeded 
the minimal important clinical difference for both scales. This finding was strengthened by a 
reduction in VAS-tinnitus loudness score in both patients. Moreover, we found that pure tone 
audiometry had not changed postoperatively, which indicates that the auditory tract is not 
damaged by implantation of the ABI. These preliminary results endorse our hypothesis that the 
ABI may be a beneficial treatment option for patients with (partially) preserved hearing on the 
side of their tinnitus, as described in Chapter 7. Further evaluation and inclusion need to be 
continued, however these findings might position the ABI as treatment option for patients with 
(partially) preserved hearing and severe tinnitus complaints. It would complement the CI as a 
treatment for severe tinnitus, which is currently a (experimental) treatment option but only in 
those patients with severe to profound sensorineural hearing loss.22

Additionally, the beneficial effect of the ABI on the hearing abilities of patients with moderate 
hearing loss is interesting. In our preliminary results, we have shown that one of the two patients 
benefitted from binaural hearing with the ABI in terms of free field speech understanding in 
noise. This finding suggests that in the auditory pathway, there is fusion of the input from the 
ABI with the input from the normal hearing ear. This phenomenon of beneficial fusion between 
a normal hearing ear and an ‘aided’ ear (i.e. the ABI in this study), has also been shown in a recent 
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study with CI recipients.23 Although the effect on hearing with the ABI was not the primary 
goal of investigation in the ABI study, subsequent analyses in our ABI patient group will further 
investigate this very interesting topic.

Today, it remains inaccurately defined which specific mechanisms are responsible for the observed 
tinnitus reduction after stimulation with an ABI or with a CI. Potential mechanisms, as described in 
the introduction of this thesis, are: altering abnormal neuronal activity associated with peripheral 
deafferentation by inducing an inhibitory effect at the level of the brainstem and/or a masking 
effect by providing auditory input to the tinnitus ear.19,24-26

In our preliminary results, we observed that for tinnitus reduction, both patients preferred a low 
stimulation rate, independent of environmental speech sounds. This finding was somewhat 
unexpected as it was described in earlier studies that ABI recipients with NF2 experienced tinnitus 
reduction while using the ABI for hearing rehabilitation purposes.19 On the other hand, studies 
investigating tinnitus reduction using a CI have shown that intracochlear stimulation independent 
of environmental sounds is able to suppress tinnitus in both the short and long term.27-32 These 
studies are in line with the findings in our two patients (i.e. preference of low stimulation levels 
independent of acoustic stimuli to reduce tinnitus). Possibly, settings for speech understanding 
require higher stimulation and current rate and this may not be well-tolerated in our patient 
group, as both patients have partially preserved hearing instead of profound hearing loss. We 
aim to acquire more information into this matter by further investigating the effect of different 
stimulation strategies with the ABI in an (enlarged) patient group.

Roberts et al. showed that the ABI had a suppression effect on tinnitus loudness that lasted while 
the ABI was activated and that continued up to one hour after switching off the device. After 
one hour of switching off the device, VAS tinnitus loudness returned to baseline.19 This finding 
is less supportive for the hypothesis that neurostimulation may induce permanent altering of 
neural plasticity in the auditory tract. These findings might indicate that it is more plausible that 
a masking effect is an important mechanism for tinnitus reduction in these patients. Further 
investigation on this matter is necessary and in our study population, we also intend to evaluate 
the direct effect of tinnitus suppression in different conditions (e.g. ABI on, ABI off, 1 hour after ABI 
off, ABI on again) in our (enlarged) patient sample.

Treatment strategies: where do neurosurgical interventions fit in?

In the past years, the field of tinnitus research has been broadened from otorhinolaryngologists, 
audiologists, and psychologists to neurosurgeons, since it became clear that the brain plays a 
major role in the generation of tinnitus. Early neurosurgical attempts to treat tinnitus were rather 
destructive, such as cochlear nerve ligation and frontal lobotomies.33 After nerve ligation for 
tinnitus, complaints remained the same or, in a significant number of patients, worsened.34 This 
finding led to the understanding that tinnitus is not generated in the peripheral auditory tract, 
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but more centrally in the auditory system. Transecting the cochlear nerve is now contraindicated 
as it deprives the auditory system from auditory input. In the 1950-1970s, frontal lobotomies 
were performed with the goal to disconnect the affective component (i.e. tinnitus distress) from 
the perceived loudness. This type of surgery has been abandoned. Today, the destructive type 
of surgery has shifted to functional and preservative types of surgery, using minimally invasive 
techniques and microscopes. In this thesis, several neurosurgical procedures have been described 
and evaluated. More neurosurgical stimulation techniques are being developed which are not 
covered in this thesis, such as the auditory midbrain implant and deep brain stimulation.35,36

Invasive neurosurgical procedures inevitably expose tinnitus patients to surgical risks that come 
with neurosurgery. It has been questioned whether these invasive and expensive procedures 
should have a place in the treatment for tinnitus, since tinnitus is also accompanied with highly 
subjective symptoms and is almost inseparable with comorbidities such as anxiety, depression 
and even personality traits. It could be argued that the chances of long- term and durable tinnitus 
relief are far better with therapies that are based on disconnecting the negative emotions from 
the perceived tinnitus, such as psychoeducation, relaxation training, mindfulness, possibly 
combined with sound therapy.

Patients attending medical care for tinnitus often seek reassurance of the absence of severe 
pathology or advice on how to cope with their symptoms. The majority of patients is adequately 
managed with conservative measures. It should be strongly encouraged that all patients with 
tinnitus are initially treated with first-line, conservative treatments.37 However, for patients who 
still suffer from intractable, incapacitating tinnitus despite having tried all of these options, 
subsequent therapies should become available. From a patient’s perspective, a survey showed 
that the majority of tinnitus patients was willing to have a device implanted in their body if this 
device would eliminate or reduce their tinnitus perception by half.38 In addition, there was a strong 
willingness to pay a considerable amount of money for this treatment.38 Another recent Dutch 
study also showed that patients are willing to undergo invasive treatment despite the associate 
costs and risks.39 For incapacitating tinnitus, however, neurosurgical interventions should only be 
an last resort option if there is reasonable evidence for its effect and/or the procedure and the 
implants are safe.

Over the years, research on neurostimulation along the auditory tract has brought us closer to a 
solution for tinnitus and moreover, provided critical knowledge of the pathophysiology of tinnitus. 
Therefore, the search for neurosurgical treatment options should be pursued. It is expected that 
in the future, when the most useful and most successful treatment methods are sorted out, these 
interventions or surgical procedures can be performed more routinely as more experience is 
gained.
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Future perspectives

MVD in patients with tinnitus is not a highly recommended procedure, due to the low success 
rates. As discussed, an explanation for the low success rate is the difficulty of adequate patient 
selection, i.e. to select those patients who have a symptomatic neurovascular conflict. A recent 
retrospective study with 1.5 Tesla MRI in multiplanar reconstructions showed that vessels with 
a large caliber (>0.85mm) in the proximal portion of the internal auditory canal correlated with 
symptoms of vertigo, tinnitus, and hemifacial spasms.40 High-resolution thin- section MRI might 
be useful in providing more detailed information on the cochleovestibular nerve and potential 
pathological contacts with blood vessels. Future prospective studies with high quality MR 
Imaging (preferably 3 Tesla) and the possibility of 3D reconstructions should be performed to 
provide more insight in the status of the cochlear nerve in case of a neurovascular conflict and 
its relation to auditory symptoms such as tinnitus. With an improved patient selection based on 
more accurate MR imaging for example, success rates for MVD surgery may improve, however 
both of these questions must be newly assessed in the future. Additionally, the positive outcomes 
of MVD surgery in patients with vertigo and tinnitus combined, as found in our study, have to be 
prospectively investigated under these new MRI conditions.

The dorsal cochlear nucleus (DCN) is suggested to play an important role in the pathophysiology 
of tinnitus.20,41-43 A recent study in rodents with noise-induced hearing loss has shown that during 
high frequency stimulation of the DCN, tinnitus was suppressed. It was suggested that high 
frequency stimulation of the DCN can block or alter abnormal tinnitus- related neural activity.44 

In 1994, Otto and Soussi were the first to suggest in a clinical study that the ABI, stimulating the 
cochlear nucleus, might be useful in the treatment of severe tinnitus.17 The ABI study presented 
in this thesis is the first study to prospectively investigate this hypothesis and we expect valuable 
information on the effect on tinnitus. Also, in the near future we expect to get more insight in 
integration of hearing with the ABI and acoustical hearing in the normal hearing ear. The ABI 
study is a pilot study, however if the results are promising, further trials need to be conducted 
to confirm our preliminary findings. We hope that our study will initiate a world-wide interest to 
further investigate the effect of the ABI on tinnitus.

Numerous studies have investigated the effect of CI stimulation on tinnitus, resulting in 
increasing general acceptance that CI may be a viable treatment option for tinnitus.16,25,45,46 Arts 
and his colleagues recently showed that intracochlear stimulation independent of environmental 
sounds can provide tinnitus reduction.28,29,32 They have suggested a ‘tinnitus implant’: a modified, 
or simpler, version of the CI, especially for tinnitus sufferers, which could possibly have lower 
production costs.29 As already mentioned, future trials investigating the effect of ABI stimulation 
on tinnitus should be performed. Also, we need to further explore which stimulation strategies 
are most beneficial for tinnitus reduction. If it is found that a positive effect on tinnitus can be 
achieved using a stimulation strategy independent of environmental sounds, as is the case in 
our first two patients, one could propose to develop an ABI-like ‘tinnitus implant’ for this purpose. 
Possibly, a simplified version of the speech processor of the ABI could be designed especially for 
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tinnitus reduction purposes. In the future, when it comes to treatment for patients with severe 
tinnitus, we might have the choice between a CI-like tinnitus implant for patients with severe 
hearing loss and an ABI-like tinnitus implant for patients with (partially) intact hearing.

This thesis covered the surgical interventions of the cochlear nerve and nucleus for tinnitus. In 
the field of tinnitus research, other levels of the auditory tract are targeted as well. The inferior 
colliculus is known to show tinnitus related activity.47,48 The auditory midbrain implant (AMI) 
is currently under investigation as a possible substitute for the ABI for the purpose of hearing 
rehabilitation in patients with NF2 with severely distorted anatomy.36 In terms of tinnitus 
reduction, it has been shown in guinea pigs that stimulation of the inferior colliculus suppresses 
activity associated with tinnitus in the central nucleus of the inferior colliculus.49 Appropriate 
locations for array implantation and stimulation strategies need to be further identified.49 Up till 
now, results on tinnitus reduction in humans with the AMI have not yet been published, although 
a clinical trial in patients with NF2 is planned (ClinicalTrials.gov Identifier: NCT02984202). Another 
example of invasive surgical procedures for tinnitus is deep brain stimulation (DBS). DBS is known 
as a treatment option for therapy resistant neurological disorders such as Parkinson’s disease.50 

In patients with Parkinson treated with DBS, a positive effect on tinnitus has also been described 
by Smit et al.35 Recently, the effect of bilateral caudate nucleus DBS for treatment-resistant 
tinnitus in six patients was studied, which showed promising results.51 A clinically significant 
treatment response was seen in three patients as determined by the TFI (13-point decrease) and 
four patients as determined by the THI (20-point decrease). Also, the authors concluded that 
there were no safety concerns.51 In a phase II study (ClinicalTrials.gov Identifier: NCT01988688) 
targeting refinement for final DBS lead placement is one of the additional points of interest. In 
the near future another prospective pilot study investigating the effect of DBS in patients with 
refractory tinnitus is planned (ClinicalTrials.gov Identifier: NCT03976908). The investigators of this 
study expect that stimulation of the medial geniculate body of the thalamus inhibits tinnitus 
perception by altering pathological neuronal activity.

In conclusion, tinnitus research is a very active field and across the world research is conducted 
to investigate non-invasive treatment methods, such as mindfulness or sound therapy, as well 
as invasive treatment methods such as the ABI and other neurosurgical implants. It is the hope, 
and expectation, that this research combined will eventually lead us to finding a cure for tinnitus.
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