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vertigo, nystagmus, tinnitus, and hearing loss



CN VIII cerebellopontine angle (CPA)

internal auditory canal (IAC)

• superior cerebellar artery

anterior inferior cerebellar artery

• superior vestibular nucleus →MLF
→ vestibulo-oculomotor reflex

• medial vestibular nucleus → medial 
vestibulospinal fascicles→
vestibular-spinal reflex (stability of 
the head during movements)

• lateral vestibular nucleus→ the 
lateral vestibulospinal fasciculus →
ipsilateral spinal cord→ dedicated to 
the vestibulospinal reflex (postural 
correction in response to vestibular 
stimuli)





Dtsch Arztebl Int 2011; 108(25): 433– 44



Am FamPhysician. 2014;89(2):106-113. 

NOISE

CRITERIA
POSSIBLE FEATURES

Onset Sudden, gradual

Pattern Pulsatile, intermittent, constant, fluctuating

Site Right or left ear, both ears, within head

Loudness Wide range, varying over time

Quality Pure tone, noise, polyphonic

Pitch Very high, high, medium, low

Langguth B, et al. (2013) Lancet Neurol.12:920-930.





Caldwell’s projection



Towne’s projection



Verticosubmental view



Law’s Position



Stenver’s Position



CT Acoustic neurinoma



MRI 



Cerebellopontine angle lesions and incidence



superior cerebellar artery anterior inferior cerebellar artery

1st day (A)axial T2-weighted brain MR showed a hyperintense spot 
in the left ventrolateral pons. (B)Diffusion-weighted images 
showed a possible hyperintense focus in the middle cerebellar 
peduncle and dorsolateral pons were spared. 
6th day (C) axial T2-weighted and (D) diffusion-weighted MRI of 
the brain demonstrated hyperintense foci in the left middle 
cerebellar peduncle, left dorsolateral pons, and ventral pons.



Tinnitus

• Tinnitus is characterized by the perception of sound in the absence of 
an external auditory stimulus. The network

• connectivity of auditory and non-auditory brain structures associated 
with emotion, memory and attention are functionally

• altered in debilitating tinnitus.





Neural correlate of tinnitus – auditory cortex 

• Is there hyperactivity in auditory cortices due 
to tinnitus? --Hyperactivity may be due to reduced 
inhibition and/or increased excitation



Bayesian brain: 
conceptualized as a probability 
machine that constantly makes 
predictions about the world 
and then updates them based 
on what it senses (Friston, 2010)



D. De Ridder et al. / Neuroscience and Biobehavioral Reviews 
44 (2014) 4–15



BOLD = Blood oxygen-level dependent 
response

Arthurs & Boniface, 2002, Trends in Neurosciences 



Activation Statistics



Images from Mantini et al, 2007







Husain et al., PLoS ONE, 2011













Brain response to auditory deprivation

• Patients with tinnitus exhibit enhanced auditory sensitivity

• This is caused by hyperactivity of the auditory  central nervous system

– Homeostatic pathways cause increased central ‘gain’ (i.e. sensitivity) in response to 

auditory deprivation to:

1. Maintain central nervous system activity during low sensory input

2. Ensure nerve activity is modulated to respond to changes in sensory input

• In patients with tinnitus and hearing loss, the tinnitus pitch and the hearing loss frequency 

spectrum are usually matched

DECREASED 

SOUND INPUT
INCREASED 

SOUND 

SENSITIVITY

Hebert S, et al. (2013) J Neurosci 33:2356-2364; Langguth B, et al. (2013) Lancet Neurol.12:920-930; Norena 

AJ, Farley BJ. (2013) Hearing Res 295:161-171.
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Tinnitus is a balance of sensory input and spontaneous activity

The decreased input from the cochlea, due to outer hair cell damage, results in 

readjustments in the central auditory system resulting in abnormal neural activity including 

hyperactivity, bursting discharges and increases in neural synchrony.

TINNITUS

AUDITORY 

DEPRIVATION 

AND CENTRAL GAIN

ALTERED 

SPONTANEOUS 

NEURONAL 

ACTIVITY

Norena AJ, Farley BJ. (2013) Hearing Res 295:161-171.

Kaltenbach JA. (2011) „Tinnitus: models and mechanisms“. Hear Res. June; 276 (1-2) : 52 – 60.
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Tinnitus and hearing loss

Most patients with tinnitus have some degree of hearing loss

75%–90% 
OF PATIENTS WITH 

OTOSCLEROSIS 

HAVE TINNITUS

ABOUT 80% 
OF PATIENTS WITH 

IDIOPATHIC 

SENSORINEURAL 

HEARING LOSS 

HAVE TINNITUS

“Hearing loss is a hidden disability and to 

have tinnitus is sort of like a double whammy”

Family physician with moderate tinnitus, Canada

Axelsson A, Ringdahl A (1989) Br J Audiol 23:53-62; Ayache D, et al (2003) Otol Neurotol 24:48-51; Nosrati-

Zarenoe R et al (2007) Acta Otolaryngol 127:1168-1175; Sobrinho PG et al. (2004) Int Tinnitus J 10:197-201; 

Schaette R et al. (2012) PLoS One 10.1371/journal. pone.0035238.
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Other psychological associations with tinnitus

• Tinnitus is associated with increased levels of psychological problems

– 24/90 (26.7%) versus 5/90 (5.6%) for age-matched controls without tinnitus

HYPOCHONDRIA

HYPERACUSIS

COGNITIVE 

IMPAIRMENT

TINNITUS

ANXIETY

DEPRESSION

SLEEP 

PROBLEMS

Andersson G, McKenna L. (2006) Acta Otolaryngol Suppl. 556:39-43; Belli H, et al. (2012) Gen Hosp 

Psychiatry. 34:282-9; Jackson J, et al. (2013) Int J Audiol. E-pub ahead of print; Langguth B, et al. (2013) 

Lancet Neurol.12:920-930.
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Summary

• Resting state functional connectivity appears to be replicable for both 
controls and participants reporting tinnitus

• In those with mild tinnitus, greater activity in the auditory cortex 
when responding to affective sounds compared to neutral sounds 
(relative to severe tinnitus).

• Change in functional connectivity from auditory cortex to right 
parahippocampal gyrus

• Reliable and useful tool to objectively measure impact of tinnitus in 
the brain 


