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Abstract 

Background:  Where there is no identifiable cause of otologic symptoms like hearing loss and tinnitus, it is believed 
that etiology could possibly involve a vascular loop in AICA compressing the vestibulo-cochlear nerve within the 
internal auditory canal. In this study, we aim to evaluate whether there is any association of AICA vascular loops with 
unexplained tinnitus.

Methods:  The present prospective study was conducted in the Department of ENT, SMGS Hospital, GMC Jammu, 
from October 2020 to March 2022 on 131 subjects with unexplained tinnitus. All subjects were subjected to contrast 
enhanced MRI brain (3D fast spin echo T2W1 with drive equilibrium pulse) for evaluation of AICA using Chavda classi-
fication—type 1 (lying in CP angle, but not entering IAC), type 2 (entering IAC but extending < 50% of length of IAC), 
and type 3 (extending > 50% of length of IAC).

Results:  Out of 131 unexplained tinnitus cases, 76 patients (58%) had AICA loop on MRI. Out of 16 patients with 
right sided tinnitus, 11 patients had AICA on same side, while 5 patients had AICA on the opposite (left) side. Out of 
26 patients with left-sided tinnitus, 12 patients had AICA on same side, while 14 patients had AICA on the opposite 
(right) side, these findings being statistically insignificant (p = 0.153).

Conclusion:  From our study, we can conclude that the presence of AICA vascular loop either on CP angle or within 
IAC in tinnitus patients is an incidental finding and has no role in its etiology.
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Background
Cerebellopontine fissure is made when the cerebellum 
folds over pons, creating a sharp angle between the two 
called as cerebellopontine angle. The cerebellopontine 
angle is an important region in the brain as the trigemi-
nal nerve, facial nerve, and vestibulocochlear nerve exit 
the brain at this level. Besides, these cranial nerves—
CSF, arachnoid tissue, and anteroinferior cerebellar 
artery (AICA)—form other important contents of the 
CP angle [1].

AICA is a branch of basilar artery and gives off a laby-
rinthine artery that enters the internal auditory canal, 
along with the facial nerve, vestibulocochlear nerve, 
and nervus intermedius. In some 20–40% cases, a loop 
of AICA also enters IAC. Hence, due to its anatomical 
course, AICA is commonly involved in various compres-
sion syndromes [2].

The term vascular compression syndrome refers to 
the group of diseases caused by mechanical irritation 
of cranial nerve by other tissues, usually a blood ves-
sel. This term was given by McKenzie in 1936 and pop-
ularized by Janetta in 1975 [3]. However, the first case 
possibly dates back to 1875 where a vertebral artery 
aneurysm was found to be a compressing facial nerve. 
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The most commonly involved cranial nerves are the 
trigeminal nerve, facial nerve, and vestibulocochlear 
and glossopharyngeal nerve. The compression syn-
dromes are usually of concern when they are sympto-
matic [4].

In some cases, where there is no identifiable cause of 
otologic symptoms like hearing loss and tinnitus, it is 
believed that etiology could possibly involve a vascu-
lar loop in AICA compressing the vestibulo-cochlear 
nerve within the internal auditory canal. But as such 
vascular loops are seen in asymptomatic individuals as 
well, there is an ongoing debate whether AICA loops 
are actually responsible for otological symptoms or not 
[5, 6].

Magnetic resonance imaging (MRI) is usually the radi-
ological modality of choice to evaluate the temporal bone 
including the internal auditory canal and cerebellopon-
tine angle in such patients with no identifiable cause of 
otological symptoms [7].

As there is very limited literature on this topic, espe-
cially in our local subpopulation, we, with our study, aim 
to fill these lacunae. In this study, we aim to evaluate 
whether there is any association of AICA vascular loops 
with unexplained tinnitus.

Methods
The present prospective study was conducted in the 
Department of ENT, SMGS Hospital, GMC Jammu, from 
October 2020 to March 2022 on 131 subjects with unex-
plained tinnitus.

The study was approved by the Institutional Ethics 
Committee. Written informed consent was taken from all 
subjects in the language they understood.

Relevant clinical history of hearing loss, tinnitus, and 
any other complaints was taken from all patients. Gen-
eral physical examination and systemic examination 
(CNS/CVS/respiratory) was done. Local ear examina-
tion, including otoscopy, was done. Examination of the 
nose, oral cavity, and indirect laryngoscopy was done.

All patients were subjected to pure tone audiometry. 
Pure tone average was calculated as average of 500, 1000, 
and 2000 Hz.

Routine blood investigations like CBC, RFT, LFT, tri-
ple serology (HIV, hepatitis B anti-HCV), blood sugar, 
thyroid profile, coagulation profile, VDRL, and ESR were 
done.

Inclusion criteria:

1)	 Unexplained tinnitus
2)	 Patients giving consent for participation in the study

Exclusion criteria:

1)	 Metabolic/systemic/otologic causes of tinnitus
2)	 History of ear surgery
3)	 History of ear discharge

All subjects were subjected to contrast enhanced MRI 
brain (3D fast spin echo T2W1 with drive equilibrium 
pulse) for evaluation of AICA using Chavda classifica-
tion—type 1 (lying in CPA, but not entering IAC), type 2 
(entering IAC but extending < 50% of length of IAC), and 
type 3 (extending > 50% of length of IAC).

All data was entered in Microsoft Excel spreadsheet 
and analyzed and compared using the Statistical Pack-
age for Social Sciences (SPSS) software (version 21 for 
windows). Appropriate statistical analytical tests were 
applied as per the advice of statistician.

Results
Out of 131 unexplained tinnitus cases, 76 patients (58%) 
had AICA loop on MRI. In these 76 patients, the mean 
age of presentation in our study was 48.06 ± 14.79 years, 
with the majority of patients in the age group of 41–60 
years (Table  1). Out of 60 patients, there were 36 male 
patients and 40 female patients, with female to male ratio 
being 1.11:1.

In our study out of 76 cases, 16 patients presented with 
tinnitus in the right ear and 26 patients in the left ear, and 
34 patients had bilateral tinnitus (Table 2). In our study, 
out of 131 patients with unexplained tinnitus, 76 patients 
(58%) had AICA loop on MRI. Out of them, 46 cases had 
AICA type 2 loop (Fig. 1), 29 cases had AICA type 1 loop, 
and 1 case had AICA type 3 loop (Fig. 2).

In our study, out of 16 patients with right-sided tin-
nitus, 11 patients had AICA on the same side, while 5 

Table 1  Age distribution

Age distribution Number of patients

< 20 years 1 (1.3%)

21–40 years 24 (31.5%)

41–60 years 36 (47.3%)

> 60 years 15 (19.7%)

Table 2  Tinnitus distribution

Tinnitus right 16

Tinnitus left 26

Tinnitus bilateral 34
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patients had AICA on the opposite (left) side. Out of 26 
patients with left-sided tinnitus, 12 patients had AICA 
on same side, while 14 patients had AICA on the oppo-
site (right) side (Table 3), these findings being statisti-
cally insignificant (p = 0.153).

Discussion
The term “tinnitus” was introduced by Pliny and means 
“to ring.” Tinnitus can be defined as an auditory per-
ception due to altered spontaneous activity within the 
auditory pathway, which arises as a result of aberrant 
excitation or inhibition. The underlying mechanism 
for occurrence of tinnitus can be abnormal afferent 
excitation at cochlear level, efferent dysfunction, and 
alteration of spontaneous activity with tonotopic reor-
ganization [8].

Vascular compression syndromes are basically a clini-
cal entity involving compression of one of the cranial 
nerves by a vessel. The pathophysiology of vascular com-
pression syndromes could be impaired blood flow by a 
neurovascular compression or focal demyelination, reor-
ganization, and axonal hyperactivity due to compression. 
However, although the pathophysiology of vascular com-
pression syndromes can be applied on various conditions 
like hemifacial spasm and trigeminal neuralgia, it cannot 
fully explain audiovestibular symptoms like tinnitus [9].

It has been hypothesized that AICA loop can cause 
irritation of VIII cranial nerve, leading to gliosis, edema, 
axonal degeneration, and eventual fibrosis of the auditory 
nerve, leading to audiovestibular symptoms like tinnitus, 
vertigo, and hearing loss. These changes in the auditory 
nerve can also induce changes in the brainstem auditory 
nuclei. However, various radiological studies have shown 

Fig. 1  AICA loop type 2

Fig. 2  AICA loop type 3

Table 3  Correlation between AICA and tinnitus

AICA right AICA left Chi-square value P value

Tinnitus right 11 5 2.04 0.153

Tinnitus left 12 14
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nearly same incidence of AICA loops in the CP angle 
and IAC in symptomatic and asymptomatic cases, thus 
creating significant discrepancy regarding association of 
AICA loop and tinnitus [10, 11].

In our study, the mean age of presentation was 48.06 
years, which was comparable to study conducted by 
Gultekin S et al. [12]; however, Bhatia A et al. [1] showed 
a younger mean age of presentation (35 years). In our 
study, more female subjects were seen as compared to 
males [statistically insignificant, p > 0.05)], similar to the 
study conducted by de Abreu Junior L et  al. [13]. How-
ever, Kazawa N et al. [14] showed male preponderance in 
their study.

In our study, out of 131 patients with unexplained tin-
nitus, 76 patients (58%) had AICA loop on MRI. Out of 
them, 46 cases had AICA type 2 loop (Fig.  2), 29 cases 
had AICA type 1 loop, and 1 case had AICA type 3 loop 
(Fig. 1). Thus, according to our study, AICA type 2 was 
most commonly involved with tinnitus, followed by type 
1 and type 3. Our finding was consistent with the study 
conducted by McDermott AL et  al. [15] and de Abreu 
Junior L et al. [13]. However, studies conducted by Bhatia 
A et al. [1] and Kazawa N et al. [14] showed that AICA 
type 1 was most commonly associated with unexplained 
tinnitus. In contrast, Kim M et al. [16] suggested in their 
study that tinnitus was more frequent with AICA type 3.

In our study (Fig. 3), out of 16 patients with right-sided 
tinnitus, 11 patients had AICA on the same side, while 
5 patients had AICA on the opposite (left) side. Out of 
26 patients with left-sided tinnitus, 12 patients had AICA 
on the same side, while 14 patients had AICA on the 
opposite (right) side; these findings being statistically 

insignificant (p = 0.153). Similar finding was shown in 
their studies by Makins et al. [17], Gultekin et al. [12], and 
Grocoske et  al. [18], who also concluded that there was 
no cause-effect relationship between tinnitus and vascu-
lar loops. However, Nowe et  al. [19], Mc Dermott et  al. 
[15], and Ryu et al. [20] suggested significant association 
between vascular loops in the internal auditory canal 
and tinnitus. Mc Dermott et  al. [15] studied not only 
tinnitus but also the association of all cochleovestibular 
symptoms (including hearing loss) with AICA, hence 
concluding a significant association. We in our study did 
not include hearing loss/vertigo patients. Furthermore, 
Ryu et al. [20] explored posterior fossa in AICA patients 
for microvascular decompression and showed there was 
significant improvement in tinnitus postoperatively. We 
in our study did not operate to know the association 
between AICA and tinnitus but only focused on non-
invasive methods like MRI and clinical findings. Again, 
Nowe et  al. [20] grouped tinnitus as pulsatile and non-
pulsatile to show significant association between vascu-
lar compression of the cisternal segment of eighth cranial 
nerve and non-pulsatile tinnitus, while stating pulsatile 
tinnitus was due to direct the transmission of pulsations 
to the cochlea due to a resonance effect in the petrous 
bone. We believed that grouping of tinnitus would not 
change our results.

Thus, in our study, the presence of AICA loop in 
patients with unexplained tinnitus could just be an inci-
dental finding and AICA loops might be a normal ana-
tomical variation, and thus, unnecessary microvascular 
decompression surgeries may not be performed. From 
our study, we could also conclude that the presence of 

Fig. 3  Flow diagram showing distribution of tinnitus and AICA
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vascular loop in IAC (AICA type 2 loop) does not always 
lead to reduced regional nerve vascular perfusion, and 
further research needs to be done on the complicated 
pathophysiology/symptomatology of microvascular 
syndromes.

Conclusion
From our study, we can conclude that the presence of 
AICA vascular loop either on CP angle or within IAC in 
tinnitus patients is an incidental finding and has no role 
in its etiology. Further research needs to be done on vas-
cular loops to distinguish whether it is a normal variation 
or a pathological entity.
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