
Journal of Radiosurgery and SBRT   Vol. 3   2015        247

Disclosures/Conflicts of Interest/Funding: None

Objective: We present a patient with unilateral sudden 
sensorineural hearing loss (SSNHL) who was found to 
have a vascular loop in the ipsilateral internal auditory 
canal (IAC), and we review the literature regarding 
this association.  Underlying pathophysiologic factors 
surrounding microvascular compression of the 
vestibulocochlear nerve are poorly understood and 
make treatment recommendations, especially the 
option of microvascular decompression, difficult if not 
controversial. The current report represents an attempt 
to understand this clinical entity as discussed in the 
current literature.

Case summary: A 77-year-old female with a long history 
of progressive right-sided hearing loss and episodic 
vertigo developed unilateral right SSNHL, tinnitus, 
vertigo, and disequilibrium. She was originally diagnosed 
with a vestibular schwannoma on magnetic resonance 
imaging (MRI) and was referred to our institution for 
Gamma Knife radiosurgery. Repeat MRI demonstrated 
a loop of the anterior inferior cerebellar artery (AICA) 
compressing the vestibulocochlear nerve within the right 
IAC. There was no evidence of a schwannoma on the 

repeat MRI.  She was not offered radiosurgery, and she 
elected conservative management.

Conclusion: Vascular compression of cranial nerves can 
lead to neuronal dysfunction, and this has been rarely 
described in patients involving the vestibulocochlear 
nerve complex. There is evidence that microvascular 
decompression (MVD) of the vestibulocochlear nerve 
can be effective in selected patients who exhibit pulsatile 
tinnitus or disabling positional vertigo in the setting of 
a vascular loop within the ipsilateral IAC, but available 
evidence at this time does not support MVD for SSNHL.

Keywords: Hearing loss, Internal auditory canal, Cerebel-
lopontine angle, Vessel loop, Anterior inferior cerebellar ar-
tery, Vascular malformation, Vestibular schwannoma, Mi-
crovascular decompression, Magnetic resonance imaging

1  INTRODUCTION

The cerebellopontine angle (CPA) is a cerebrospinal 
fluid-filled, triangular space located at the junction 
of the lateral pons and anterior cerebellum. The 
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CPA contains cranial nerves V-VIII, the superior 
cerebellar artery (SCA), anterior inferior cerebellar 
artery (AICA), and draining veins. Anterolateral to 
the CPA, the internal auditory canal (IAC), a bony 
channel situated along the posterior face of the 
petrous bone, transmits the facial nerve from the CPA 
to the temporal bone and ultimately the face, and the 
vestibulocochlear nerve (VCN) from the cochlea and 
vestibular apparatus to the brainstem.[1]

The anterior inferior cerebellar artery (AICA) 
arises from the basilar artery and courses variably 
posterolaterally in the CPA or along the underside 
of the cerebellum supplying the anterior cerebellum 
including the flocculus, middle cerebellar peduncle, 
and inferolateral pons.  It gives rise to the labyrinthine 
(internal auditory) artery, which supplies the cochlea and 
vestibular system.  A terminal artery, the labyrinthine 
artery is the sole blood supply of the labyrinth and an 
area of the brainstem and cerebellum. There is high 
variability in the course of the AICA within the CPA.
[2] The prevalence of AICA loops within the IAC has 
been reported to be between 13-40% in post-mortem 
dissections[3, 4] and 14-34% by magnetic resonance 
imaging (MRI).[5, 6]

The most common pathology of the VCN in the CPA 
and IAC is a vestibular schwannoma (VS), a neoplasm 
of Schwann cells that is responsible for 5-10% of all 
intracranial tumors.[7] Patients with VS commonly 
present with progressive unilateral sensorineural hearing 
loss and tinnitus, but can also present with SSNHL, 
symptoms of vestibular dysfunction, facial numbness/
pain, and facial paresis.[8] However, there are other 
causes for cranial nerve dysfunction in this area – both 
neoplastic and non-neoplastic - such as compression 
from vascular malformations[9-13] and arterial loops.
[14] These more unusual lesions can lead to confusion 
in diagnosis due to the similar symptomatology and 
MRI findings of vascular compression of the VCN.

In 1975, Janetta proposed that compression of 
the VCN by the AICA within the IAC could be 
responsible for symptoms of hearing loss, tinnitus, 
vertigo, and hemifacial spasm;[15] however, this 
has been a point of much controversy. Hemifacial 
spasm is an accepted clinical sequela of vascular 
compression of the facial nerve.  While some studies 
demonstrate a correlation between symptoms related 
to microvascular compression of the VCN complex 
and VCN dysfunction,[16, 17] others do not recognize 
this correlation and classify AICA loops within the IAC 
as normal variants.[3, 5, 18] There is also uncertainty 
as to why these symptoms manifest in some patients 
with AICA loops in the IAC but not others. Theories to 
explain this phenomenon include elongation of arteries 
with age, arteriosclerosis, development of arachnoid 
adhesions between the artery and nerve, and hypoxic 

damage to the cochlea and vestibular system due to 
arterial compression.[19, 20]

We present a woman with unilateral sudden 
sensorineural hearing loss, tinnitus, disequilibrium, 
and vertigo who was mistakenly diagnosed with a 
vestibular schwannoma and referred to our institution 
for radiosurgery. On repeat imaging, she was found 
to have an AICA loop in close proximity to the VCN 
within the IAC on the ipsilateral side. The purpose of 
this report is to caution clinicians about the possibility 
of an intracanalicular vascular loop masquerading as a 
VS and to discuss AICA loop compression of the VCN 
as a potential cause for hearing loss.

2  CASE REPORT

A 77-year-old woman with a history of breast 
cancer in remission, transient ischemic attack, atrial 
fibrillation, progressive right-sided hearing loss over 
several years, and intermittent vertigo for 10-15 years 
was diagnosed in March 2013 with a right IAC “mass” 
by MRI after suffering sudden complete right-sided 
hearing loss, tinnitus, and aural fullness, as well as an 
episode of vertigo, while taking a shower. Originally, 
she was treated for otitis media, and when her symptoms 
persisted, she was referred to an otolaryngologist who 
documented profound sensorineural hearing loss of the 
right ear (Figure 1). She also had mild high frequency 
sensorineural hearing loss of the left ear. She did not 
have facial weakness, numbness, hemifacial spasm, 
visual symptoms, or speech difficulty. Her first MRI 
demonstrated an ovoid mass lesion measuring 9.1 x 2.7 
mm in the mid-portion of the right IAC. The mass had 
minimal contrast enhancement but was thought to be a 
VS despite the fact that the degree of enhancement was 
atypical for a VS. At this point, she was referred to a 
neurosurgeon, who then referred her to our institution 
for evaluation for Gamma Knife radiosurgery (GKRS) 
for treatment of a presumed VS.

The patient was evaluated at our institution in April 
2013. At that time, she continued to complain of right-
sided hearing loss, tinnitus, and disequilibrium. On 
examination, she demonstrated minimal hearing on 
her right side, a mildly positive Romberg’s sign, and 
she was unable to tandem walk. Due to the large slice 
thickness of her previous MRI resulting in poor imaging 
of the IAC, as well as the minimal enhancement of the 
mass, a repeat MRI with IAC protocol (thin section, 
T1 with and without gadolinium enhancement, T2, 
and constructive interference steady state sequences 
[CISS]) was ordered.

Her repeat MRI in May 2013 demonstrated 
asymmetry of the right IAC with no enhancement and 
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a loop of the right AICA within the IAC (Figure 2). 
These findings were not identified on the left side. 
Based on the new MRI findings, she was offered 
conservative management. A follow-up MRI was 
scheduled for 6 months later due to ambiguity as to 
whether or not there was an underlying tumor. This 
was performed in December 2013 and demonstrated 
the same finding of an ectatic blood vessel coursing 
along the vestibulocochlear complex in the right IAC, 
without enhancement (Figure 3). At this point, she 
had not undergone any sort of non-surgical treatment 
and continued to complain of right-sided hearing loss, 
intermittent right-sided otalgia, tinnitus, and mild 
imbalance (without falls or pronounced dizziness). A 
follow-up MRI was scheduled for 12 months later.

3  DISCUSSION

This patient demonstrates the potential difficulty 
distinguishing a VS from an intracanalicular vascular 
loop of AICA on MRI. Several older case reports 

describe patients undergoing surgical intervention 
for VS that were found to have a vascular loop with 
vascular compression of the VCN instead.[14, 21, 22] 
This confusion is due to similar symptomatology and 
MRI findings between VS and AICA compression of 
CN VIII in the IAC, as well as the rarity of vascular 
loop compression as a cause for unilateral hearing loss. 
Nevertheless, modern MRI techniques including CISS 
sequences and IAC protocols with and without contrast 
should be able to differentiate between the two.

A study of 1821 patients with sensorineural or 
mixed hearing loss with MRI of the IAC showed 
that 7% had findings on MRI to explain their hearing 
loss, of which 41% had VS, 30% had inflammation 
of the middle ear and mastoid, 13% had ischemic 
foci in the brainstem, 8% had other CPA masses or 
tumors, 5% had vascular loop compression, 3% had 
inner ear dysplasia, and 1% had chronic cryptococcal 
meningitis.[23] These results demonstrate that a 
“mass” found within the CPA should not be assumed 
to be a VS; MRI can be an effective tool in screening 
for sources of sensorineural hearing loss due to CN 
VIII compression and other causes. 

Figure 1. Results of pure tone audiometry. X corresponds to left ear and O corresponds to right ear.
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In many cases of SSNHL, however, there are no clear 
findings on MRI to explain the patient’s symptoms. A 
study of 54 SSNHL patients reported MRI abnormalities 
in 31 (57%) patients; only 6 of these patients had MRI 
findings that correlated with the clinical picture (two 
labyrinthine hemorrhages, one cochlear inflammation, 
one acoustic neuroma, one arachnoid cyst of the 

CPA, and one case of white matter lesions in the pons 
suggestive of multiple sclerosis).[24]

Auditory brainstem response testing (ABR) may serve 
as an adjunct in the diagnosis of vascular compression 
of the eighth cranial nerve. Studying ABRs in patients 
with compression of the vestibulocochlear nerve, 
Möller et al. found an interwave latency delay between 

Figure 2. Axial T2 SPACE sequence MRI from May 2013 demonstrating a classic loop of the AICA (arrow) within 
the IAC resulting in distortion of the VCN on the right side.

Figure 3. Axial T2 SPACE sequence MRI from December 2013 demonstrating an unchanged finding of a classic 
loop of the AICA within the IAC resulting in distortion of the VCN on the right side.
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waves I and III on the affected side of most patients.
[25] Using Möller’s criteria, Schwaber et al found that 
42 of 56 (75%) patients with suspected compression 
of the vestibulocochlear nerve demonstrated abnormal 
ABR’s, and 11 of 13 patients that underwent surgical 
intervention in their series were confirmed to have 
compression.[26] Markowski et al also used Möller’s 
criteria to show that 86% of patients with evidence of 
AICA compression of the VCN on MRI had abnormal 
ABRs.[27] De Ridder et al followed 78 patients with 
unilateral tinnitus and suspected vascular compression 
of the VCN. They found that a decrease in peak II and a 
lengthening of the interpeak latency of waves I-III were 
associated with tinnitus and hearing loss at the tinnitus 
frequency, respectively. In patients who underwent 
MVD, postoperative improvements in tinnitus and 
hearing loss at the tinnitus frequency were associated 
with peak II and interpeak latency of waves I-III 
normalization, respectively.[28]

While vascular compression of the VCN was 
believed to be the cause of the patient’s symptoms, some 
would argue that this is not the primary cause of her 
complaints. In their post-mortem study of 1327 human 
temporal bones, Reisser et al. did not find a correlation 
between AICA loops in the IAC and unexplained 
hearing loss, tinnitus, vertigo, or Meniere’s disease.
[3] This finding is also supported by Gorrie et al. and 
Sirikci et al. in their studies of 58 and 140 patients with 
unexplained hearing loss.[5, 18]

However, in a recent meta-analysis of three 
case-control studies comparing symptomatic and 
asymptomatic ears in patients with sensorineural 
hearing loss and/or non-pulsatile tinnitus, patients with 
unilateral hearing loss were twice as likely to have 
vascular loops in the symptomatic ear. In addition, this 
report reviewed two case-control studies comparing 
non-pulsatile and pulsatile tinnitus and found that 
patients with pulsatile tinnitus were 80 times more 
likely to have a contacting vascular loop than those 
with non-pulsatile tinnitus.[16] Similarly, Kazawa et 
al. demonstrated a correlation between patients with 
direct extension or looping of the AICA into the IAC 
on MRI and hearing loss on that particular side.[17] 
Taken together, these studies imply a strong correlation 
between tinnitus/hearing loss and vascular loops, but 
they do not show causation.

Most case reports that we found demonstrated 
improvement of vestibulocochlear symptoms after 
microvascular decompression (MVD). The results from 
these case reports are summarized in Table 1. As a caveat, 
these studies are case reports, and no study is more recent 
than 2007.  We did not find a report of MVD of the VCN 
in the literature more recent than 2008. 

Okamura et al. reported their findings in a case series of 
MVD performed on 19 patients with slowly progressive 

hearing loss and tinnitus thought to be due to vascular 
compression of the VCN (12 of whom had compression 
due to the AICA) showing that 64% of patients with 
hearing loss of 20dB or more had improvement of 
at least 5dB, and 94% of patients with high-pitch, 
pulsatile tinnitus had improvement postoperatively.[29] 
Ryu et al. similarly reported hearing improvement in 
8/11 (73%) patients with low-frequency, progressive 
hearing loss of 20dB or more.[30] Brackmann et al., in 
a study of 20 patients with disabling positional vertigo 
who underwent retrosigmoid craniotomy for MVD, 
showed that 80% of patients had improvement in their 
symptoms.[31] Similarly, Möller et al. reported a cure 
rate of approximately 80% after performing MVD for 
disabling positional vertigo in 207 patients.[32] These 
studies seem to indicate that MVD is effective in curing 
disabling positional vertigo as a result of vascular 
compression of the eighth cranial nerve, but hearing 
loss should not be expected to reverse significantly after 
treatment.  Defining the clinical picture of disabling 
positional vertigo and establishing criteria for diagnosis, 
and ultimately surgical decompression for this clinical 
entity, remain enigmatic and challenging. 

Thus, when is MVD indicated in cases of vascular 
compression of the VCN? The neurosurgeon and 
neurotologist must take into account ABR results and 
MRI findings within the CPA and IAC, as well as the 
patient’s history, in order to determine the chance that 
vascular compression is the primary cause of the patient’s 
symptoms. Gorrie et al. demonstrated a significant 
correlation between symptoms of VCN dysfunction 
and presence of an AICA loop within the IAC when the 
AICA traversed between the seventh and eighth nerves, 
but interestingly not above or below these nerves.[18] 
Okamura and Chadha both found strong correlations 
between pulsatile tinnitus and AICA compression 
of the VCN.[16, 29] Finally, based on the findings of 
their studies, Applebaum and Valvasorri suggested 
consideration of vascular loop compression over tumor 
mass effect in patients with unilateral hearing loss, 
spontaneous nystagmus, and normal caloric testing.
[19, 33] Thus, if a patient’s MRI demonstrates that the 
AICA is extending directly or looping into the IAC and 
contacting the VCN (especially if it courses between 
the seventh and eighth cranial nerves), and the patient 
is complaining of unilateral hearing loss and pulsatile 
tinnitus on the ipsilateral side, in addition to disabling 
positional vertigo, MVD may be indicated. 

However, there are potential complications from 
MVD of the vestibulocochlear nerve that must be taken 
into account, which include hearing loss,[34-36] loss 
of vestibular function,[31] ischemia from damage to 
the AICA,[29] avulsion rupture of the internal auditory 
artery,[37] and cerebellar hemorrhage,[38] potentially 
devastating complications. More extensive studies, 
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perhaps even a correlated temporal bone histopathology 
study, are needed to more accurately weigh the risks 
and benefits of surgery in this scenario.

4  CONCLUSION

We describe a woman with unilateral SSNHL, 
tinnitus, otalgia, vertigo, and disequilibrium possibly 
caused by compression of the VCN by a loop of AICA 
within the IAC. The patient was originally diagnosed 
with a VS based on MRI findings, but directed and repeat 
imaging did not confirm VS and instead demonstrated 
an AICA loop.  While there is controversy regarding 
the relationship between AICA loops within the IAC 
and VCN compression syndromes, several studies have 
proven the benefit of MVD in select cases. Further 
studies are required to determine the efficacy of this 
surgical treatment.
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