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Audiology

Neurovascular compression and vestibular 
compromises in idiopathic sudden sensorineural 
hearing loss

Summary

Objective.This study aimed to investigate the association between vestibular impairment and neu-
rovascular compression at cerebellopontine angle (CPA) and internal auditory canal (IAC) in patients 
with idiopathic sudden sensorineural hearing loss (ISSNHL).
Methods. Seventy-one ISSNHL patients underwent audio-vestibular tests and magnetic resonance 
imaging (MRI) of CPA-IAC. The MRI findings of both ears were graded by Chavda, Gorrie and Kazawa 
systems. 
Results. No significant association was found between different neurovascular types and the results 
of caloric test, vestibular evoked myogenic potentials and video head impulse test (vHIT). Chavda type 
II was more common in ISSNHL patients with vertigo. Tinnitus, initial and outcome hearing threshold 
showed no significant differences among different neurovascular types. ISSNHL patients with Gorrie 

Cover figure. No association between vestibular testing results and radiological neurovas-
cular compression signs in the cerebellopontine angle-internal auditory canal region was found 
in patients with idiopathic sensorineural hearing loss (ISSNHL). The hearing outcomes of ISS-
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type C had worse hearing prognosis than those with type B. ISSNHL patients with pathological vHIT results in the posterior semicircular canal were more prone 
to poor hearing recovery.
Conclusions. Vestibular testing results and radiological neurovascular compression signs in CPA-IAC region may not be associated in ISSNHL patients. 
Vestibular impairment is more closely related to hearing outcomes than neurovascular compression.

Key words: idiopathic sudden sensorineural hearing loss, cerebellopontine angle, anterior inferior cerebellar artery, magnetic resonance imaging, vestibular test

Introduction
Sudden sensorineural hearing loss (SSNHL) is defined as a 
rapid onset of sensorineural hearing loss more than 30 dB 
on at least three consecutive frequencies within 72 hours 1. 
SSNHL of unknown aetiology is known as idiopathic SS-
NHL (ISSNHL). The aetiological hypotheses of ISSNHL 
include ischaemia, viral inflammation, auto-immune dis-
ease, metabolic disorder, trauma, inner ear anomaly and 
others 2. About 30% of ISSNHL patients are reported to be 
accompanied by vertigo 3. Previous studies have shown that 
vertigo symptoms or vestibular impairment are associated 
with hearing outcomes in ISSNHL patients, even though 
the mechanism remains unclear 4-7.
The cerebellopontine angle (CPA) is a triangular-shaped 
space located anterolaterally at the junction of the pons 
and cerebellum. The internal auditory canal (IAC) ascends 
anterolaterally from the CPA and extends to the cochlea 
and vestibular organs. The cochleovestibular nerve (CVN) 
reaches CPA through IAC, and then enters the cranium, and 
is responsible for hearing and balance. The CPA also con-
tains the anterior inferior cerebellar artery (AICA), which 
traverses close to the CVN. The labyrinthine artery, from 
which the AICA branches, is the only vascular supply to the 
labyrinth. The anatomical shape and location of the AICA 
is variable in CPA and IAC space. Neurovascular compres-
sion has been proposed to explain the pathophysiological 
mechanism leading to hemifacial spasm and trigeminal 
neuralgia 8. However, the vascular compression of the CVN 
resulting in neurotological symptoms, such as sensorineural 
hearing loss, vertigo, and tinnitus, remains controversial 9. 
Previous studies analysed the association between neuro-
vascular compression and the affected side, audiological 
characteristics, concomitant symptoms and treatment out-
comes of ISSNHL patients  10-13. The damaged vestibular 
end organs are anatomically related to the neurovascular 
distribution in the inner ear. Therefore, these results may 
provide a clue to explore the aetiology in ISSNHL patients.
The AICA gives off the labyrinthine artery into the IAC. 
The labyrinthine artery divides into two branches, the ante-
rior vestibular artery (AVA) and the common cochlear artery 
(CCA). The former supplies the anterior semicircular canal 
(ASCC), horizontal semicircular canal (HSCC), utricle and 

the upper portion of the saccule, while the latter supplies 
the posterior semicircular canal (PSCC), the inferior sac-
cular macula, and the cochlea. Recent advances have shown 
that the video head impulse test (vHIT) can assess the func-
tion of six semicircular canals separately, while the vestibu-
lar evoked myogenic potentials (VEMPs) can evaluate the 
utricle and saccule. Therefore, for patients with ISSNHL, it 
makes sense to explore whether neurovascular compression 
signs are the cause, or a biomarker, of vestibular apparatus 
impairment based on vestibular test results which can eval-
uate vestibular function objectively and locate the involved 
vestibular end organs.
In this retrospective study, three imaging classification sys-
tems (Kazawa, Chavda and Gorrie systems) were used to 
analyse the neurovascular relationship between CVN and 
AICA in ISSNHL patients. We aimed to explore: (1) the po-
tential association between neurovascular compression and 
vestibular impairments in ISSNHL patients; (2) the signifi-
cance of neurovascular compression and vestibular impair-
ment in predicting hearing prognosis of ISSNHL patients 
(Cover figure).

Materials and methods

Subjects
This retrospective study was conducted in Union Hospital 
affiliated to Tongji Medical College, Huazhong University 
of Science and Technology, Wuhan, China. 
According to the clinical practice guidelines for sudden 
hearing loss proposed by the American Academy of Otolar-
yngology-Head and Neck Surgery (AAO-HNS) in 2019 1, 
ISSNHL is defined as a hearing loss of ≥ 30 dB occurring 
within 72 hours, with at least three consecutive frequencies 
affected. Exclusion criteria were: (1) bilateral ISSNHL; (2) 
Meniere’s disease or recurrent sensorineural hearing loss; 
(3) inner ear malformation; (4) retrocochlear diseases (in-
ternal auditory stenosis, vestibular schwannoma, etc.); (5) 
recent history of auditory trauma or head trauma; (6) cen-
tral nervous system disease (stroke, migraine, etc.); (7) his-
tory of ototoxic drug use and (8) severe systemic disease 
(e.g. malignant tumours). Patients younger than 18 years 
were also excluded.
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Methods

Audio-vestibular evaluations 
All patients completed hearing and vestibular tests within 
the same day at their initial visit.

Pure tone audiometry
After ruling out middle ear lesions through otological and 
tympanometry testing, a pure tone audiometry test with a 
frequency of 0.25 to 8 kHz was performed in a soundproof 
cabin. The pure tone average (PTA) was calculated as the 
simple arithmetic mean over 6 frequencies of 0.25, 0.5, 1, 
2, 4 and 8 kHz 13. In this study, the initial pure-tone audiom-
etry curves were divided into four types: (1) low-frequency 
hearing loss (the average threshold from 0.25 to 0.5 kHz was 
20 dB higher than the average threshold from 4 to 8 kHz); 
(2) high-frequency hearing loss (the average threshold from 
4 to 8 kHz was 20 dB higher than average threshold from 
0.25 to 0.5 kHz); (3) flat-type hearing loss (approximated 
thresholds observed across the frequency range, and hear-
ing thresholds not exceeding 90 dB HL); and (4) profound 
hearing loss (the average threshold at 0.5, 1, 2, and 4 kHz 
exceeding 90 dB HL).

Caloric test
Infrared videonystagmography (Visual Eyes VNG, Micro-
medical Technologies, Chatham, IL) was used for caloric 
test. The patient lay supine with the upper trunk elevated 
30°. Alternating cold (24°C) and warm (50°C) air stimula-
tion was delivered to each external auditory canal, and the 
maximum slow phase velocity (SPVmax) of caloric nys-
tagmus was measured after each stimulation. Canal paresis 
(CP) values were calculated by Jongkees’ formula. Uni-
lateral vestibular hypofunction was defined as interaural 
asymmetry ≥ 25% in caloric nystagmus. Bilateral vestibular 
hypofunction was considered if SPVmax was less than 6°/s 
in each ear after stimulation or if the sum of SPVmax for all 
four stimulation conditions was less than 20°/s.

VEMPs
Cervical VEMP (cVEMP) and ocular VEMP (oVEMP) 
were recorded using the Eclipse system (Interacoustics A/S, 
Middelfart, Denmark). During the cVEMP test, patients ro-
tated head contralaterally to activate the ipsilateral sterno-
cleidomastoid muscle (SCM). Two active electrodes were 
placed on the upper third of the SCM. A ground electrode 
was attached to the forehead, with a reference electrode to 
the sternoclavicular junction. Air-conducted sound (ACS) 
tone bursts (500 Hz, 100 dB nHL, 5 ms, rise-plateau-fall 
time = 2-1-2 ms) were delivered monophonically through 
earphone. At least 100 stimuli were averaged during each 

trial. Biphasic waveforms (p13-n23) were recorded and ana-
lysed. These cVEMP results would be considered patholog-
ical in case of: (1) amplitude asymmetry rate (AR) greater 
than the mean of normal range ± 2 standard deviations (SD) 
(AR  ≥  36% in our clinic); (2) the amplitude of p13-n23 
waveforms were absent or reduced. For the oVEMP test, 
patients were directed to maintain gaze on a fixed target 
at an approximately 30° degree above the horizontal plane. 
Two active electrodes were placed on the contralateral infe-
rior oblique muscle. A ground electrode was attached to the 
forehead and a reference electrode to the chin. The stimuli 
in oVEMP were identical to those in cVEMP. Recording 
and analysis of biphasic waveforms (n10-p15) were con-
ducted. Abnormal oVEMP responses were defined as: (1) 
no reliable oVEMP response after at least 50 stimuli; (2) 
amplitude AR greater than the mean of normal range ± 2 
SD (AR ≥ 40% in our clinic).

vHIT
The vHIT was performed using the ICS Impulse system 
(GN Otometrics, Denmark). Patients wore a pair of light-
weight goggles in order to record and analyse the eye move-
ments. During the test, patients were asked to maintain gaze 
at a stationary visual target on the wall 1.0 m away. The 
technician stood behind the patient and manually delivered 
20 to 25 passive, unpredictable and random head impulses 
(duration: 150-200  ms, amplitude: 5~15°, peak velocity: 
150~250°/s). Corrective saccades with a velocity exceeding 
50°/s were considered significant. In this study, pathologi-
cal vHIT refers to a horizontal vHIT gain < 0.8, or a verti-
cal vHIT < 0.7, accompanied by the presence of corrective 
saccades.

Radiological evaluations
All imaging examinations of ISSNHL patients were per-
formed within one week after initial visit. MRI examina-
tions were performed using the Verio or Magnetom Trio 3T 
scanner (Siemens, Erlangen, Germany) with a 12-element 
phased array coil. T1- and T2-weighted spin-echo imaging 
was used to rule out retrocochlear lesions and pathology in 
CPA. Three-dimensional sampling with optimised contrast 
and the application of different flip angle evolution (3D-
SPACE) was used for: (1) studying the course of AICA and 
the relationship between AICA and surrounding structures, 
(2) excluding inner ear malformation. The parameters of 
the MRI sequences are shown in Supplementary Table I.
All MRI data were transferred to a workstation and imag-
ing analyses were performed on a picture archiving and 
communication system (PACS) workstation (Carestream 
Client, Carestream Health). The MRI data of all patients 
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were intermixed and reviewed by two senior neuroradiolo-
gists (L.P with more than ten years of experience and C.C 
with more than 5 years of experience) who were blinded to 
the clinical data. This study adopted Chavda  14, Gorrie  15 
and Kazawa 16 classification systems. A detailed description 
of these systems is shown in Table I. Typical examples of 
AICA variants assessed by the Kazawa, Chavda and Gorrie 
systems are seen in Figures 1, 2 and 3, respectively.

Treatment and outcomes
All patients with ISSNHL received oral prednisolone at a 
dose of 60 mg per day for 6 days, then tapered to 30, 20, 
10, and 5  mg for 2 days at each dose. Patients weighing 
less than 60 kg were initially given prednisolone at a dose 
of 1  mg/kg per day and gradually tapered. Patients were 
also given thrombolytic agents (fibrinolytic enzyme) and 
vasoactive drugs (ginkgo biloba extract or alprostadil). In-
tratympanic injection of dexamethasone (twice a week for 
2 weeks) or hyperbaric oxygen therapy would be recom-
mended if hearing did not improve after 2 weeks of con-
servative treatment.
Based on the Clinical Practice Guidelines for ISSNHL 1, the 
patients whose hearing gain (PTA change in decibels) was 
less than 15 dB were defined as treatment non-responders 
(NR), whereas patients with hearing gain more than 15 dB 
were considered treatment responders. The treatment re-
sponders were further divided into three groups: (1) recov-
ery less than 50% of the maximum possible recovery (poor 
recovery, PR); (2) recovery to at least 50% of maximum 
possible recovery (good recovery, GR); (3) recovery to 
within 10 dB of hearing level in the non-affected ear (com-

plete recovery, CR). Maximum possible recovery was de-
fined as reaching the hearing level of the non-affected ear, 
which was regarded as the baseline for normal hearing.

Statistics analysis
Statistical analyses were performed using the software 
SPSS (version 26.0.0.2). All continuous variables are pre-
sented as means  ±  SD or median and interquartile range 
(IQR, 25th to 75th percentiles) after verification of normal 
distribution. Categorical variables are presented as counts 
and percentages. The chi-square test was used to compare 
the distribution of qualitative data. If a significant difference 
was found in the overall comparison, pairwise comparison 
with Bonferroni correction was subsequently performed to 
determine which two groups differed significantly. Quan-
titative data with normal distribution were compared by 
one-way analysis of variance, and quantitative data with 
non-normal distribution were compared by non-parametric 
Kruskal-Wallis test. The McNemar-Bowker test was used 
to compare the imaging classification results between the 
affected and the unaffected side. The ordinal logistic regres-
sion model was established with clinical outcome as the de-
pendent variable and the results of caloric test, VEMPs and 
vHIT as independent variables respectively. The criterion 
for statistical significance was set at p < 0.05.

Results

Demographic characteristics
Seventy-one patients with unilateral ISSNHL were enrolled 

Table I. Kazawa, Chavda and Gorrie classification systems

Classification grade Subtype Detailed description

Kazawa system IA Non-loop AICA/PICA in the CPA cistern

IB Non-loop AICA/PICA entering the IAC

IIA Loop-type AICA/PICA in the CPA cistern

IIB Loop-type AICA/PICA entering the IAC

Chavda system I AICA loops lying within the CPA but not entering the IAC

II AICA loops entering the IAC but not extending more than 50% of the length of the IAC

III AICA loops extending more than 50% of the length of the IAC

Gorrie system A No contact between the vascular loop and the CVN

B Vascular loop lying directly adjacent to the CVN

C Vascular loop running between the VII nerve and CVN

D Vascular loop displacing the CVN resulting the bowing of the nerve
AICA: anterior inferior cerebellopontine artery; PICA: posterior inferior cerebellopontine artery; CPA: cerebellopontine angle; IAC: internal acoustic canal; CVN: cochleovestibular 
nerve.
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in this study. There were 34 males (47.9%) and 37 females 
(52.1%), and the average age was 42.4 ± 12.5 years. The 
right ear was involved in 27 cases (38%) and the left in 
44 (62%). The median course of disease was 7 (IQR 3,14) 
days. Table II shows detailed demographic characteristics 
in patients classified based on the Kazawa, Chavda and 
Gorrie classification systems. No differences in age, gen-
der, course duration or affected side were found between 

patients with different anatomic variations of AICA loop 
graded by the Kazawa, Chavda, and Gorrie classification 
systems respectively.

Interaural comparison of imaging classification results 
in unilateral ISSNHL patients
As for the Kazawa classification, type IIA was the most prev-
alent (30/71, 42.3%), followed by type IB (17/71, 23.9%), 

Figure 1. Kazawa classification of anterior inferior cerebellopontine artery (AICA) loop. (1a-h) Type IA in which nonloop AICA (arrow) in the cistern; 
(2a-h) Type IB in which nonloop AICA (arrow) into the internal auditory canal (IAC); (3a-p) Type IIA (right side) in which loop type AICA (arrow) in the 
cerebellopontine angle (CPA) cistern and type IIB (left side) in which loop type AICA (arrow) enters the IAC.

Figure 2. Chavda classification of AICA loop. (a) AICA loop (arrow) observed in CPA outside the IAC which is type I; (b) Type II in which AICA loop (ar-
row) is occupying no more than 50% of IAC; (c) Type III in which AICA loop (arrow) leaches more than 50% of total length of IAC.
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Figure 3. Gorrie classification of AICA loop. (a,e) AICA loop (A) running separate from cranial nerve (B,C) which is type A; (b,f) Type B in which the 
AICA loop (A) is running adjacent to the cranial nerve (B,C); (c,g) Type C in which the AICA loop (A) runs between the 7th (C) and 8th (B) cranial nerve; 
(d,h) Type D in which the AICA loop (A) displacing the nerve resulting in bowing of the nerve (B).

Table II. Comparison of demographic characteristics between unilateral ISSNHL patients with different AICA types classified by Kazawa, Chavda 
and Gorrie systems.

Gender (male/
female)

Age (yrs), mean +/- SD Course duration (days), mean 
(IQR)

Affected side (left/
right)

Kazawa system IA (n = 10) 7/3 44.6 ± 13.9 9 (4.3, 15) 7/3

IB (n = 17) 8/9 41.8 ± 13 6 (1, 11) 9/8

IIA (n = 30) 13/17 44.5 ± 17.5 7.5 (3, 15.3) 18/12

IIB (n = 14) 6/8 45.6 ± 11.8 6 (3, 20) 10/4

Test statistics c² = 2.399 - - c² = 1.459

p value 0.509 0.661 0.275 0.693

Chavda system I (n = 40) 20/20 41.7 ± 12.8 7.5 (3, 15) 25/15

II (n = 29) 14/15 43.1 ± 12.7 6 (2.5, 13.5) 18/11

III (n = 2) 0/2 48.5 ± 6.4 5.5 (4, -) 1/1

Test statistics - F = 0.336 - -

p value 0.607 0.716 0.331 1

Gorrie system A (n = 6) 1/5 39.3 ± 15.1 8.5 (2.8, 13.5) 4/2

B (n = 26) 16/10 40.5 ± 13.5 7 (2, 15) 14/12

C (n = 21) 9/12 44 ± 11.2 8 (3, 20) 14/7

D (n = 18) 8/10 44.7 ± 12.3 5.5 (3, 13.3) 12/6

Test statistics c² = 4.834 F = 0.601 - c² = 1.141

p value 0.208 0.616 0.880 0.821
ISSNHL: idiopathic sudden sensorineural hearing loss; AICA: anterior inferior cerebellar artery; SD: standard deviation; IQR: interquartile ranges (25th and 75th percentiles).
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type IIB (14/71, 19.7%) and type IA (10/71, 14.1%). Regard-
ing the Chavda classification, type I was the most frequent 
(40/71, 56.3%), followed by type II (29/71, 40.8%) and type 
III (2/71, 2.8%). When it comes to the Gorrie classification, 
type B was the most common type (26/71, 36.6%), followed 
by type C (21/71, 29.6%), type D (18/71, 25.4%) and type A 
(6/71, 8.5%). The detailed classification results of the affect-
ed and non-affected side are shown in Figure 4, and there was 
no significant interaural difference in the type of distribution 
respectively (p = 0.607, p = 0.463 and p = 0.253).

Relationship between symptoms and hearing out-
comes and imaging classification results
In the entire series, 64 patients (90.1%) had tinnitus and 
41 (57.7%) had vertigo. The specific distribution in each 
classification system is shown in Table III. When classified 
by the Chavda system, there were significantly more type I 
cases and less type II cases in patients without vertigo than 
in patients with vertigo (χ² = 7.955, p = 0.012). The median 
initial hearing threshold of all patients was 86.7 (IQR 59.2, 
103.3) dB. As for audiogram. there were 4 cases (5.6%) of 
ascending type, 24 (33.8%) of descending type, 19 (26.8%) 
of flat type and 24 (33.8%) of profound type. The median of 
the outcome hearing threshold was 75 (IQR 36.7, 99.2) dB. 
The patients with Gorrie type C tended to have poorer clinical 
outcomes than type B (p = 0.016) and there was no significant 
difference in the initial hearing threshold, audiogram configu-
ration and outcome hearing threshold between other vascular 
types classified by the Kazawa, Chavda or Gorrie system. 

Relationship between vestibular function tests and 
imaging classification results
No significant difference was found in the CP value of the ca-
loric test, the abnormal rate of cVEMP or the abnormal rate 
of oVEMP among the various types classified by Kazawa, 
Chavda and Gorrie systems. Referring to previous literature 
reporting a higher incidence in PSCC deficits in patients 
with ISSNHL and its correlation with hearing outcome  4,5, 
the vHIT results on the affected side were divided into three 
groups: normal vHIT results; abnormal results in PSCC; ab-
normal results without PSCC abnormality. Comparing the 
vHIT results among the various types, there was no signifi-
cant difference. The detailed results are shown in Table IV.

Relationship between hearing outcome and vestibular 
function tests
The clinical outcome was used as a dependent variable, and 
normal/abnormal results in caloric test, cVEMP, oVEMP, 
vHIT ASCC, vHIT HSCC, and vHIT PSCC were used as in-
dependent variables respectively to establish the ordinal logis-

tic regression model. Patients with vHIT abnormal results in 
PSCC were more prone to poor clinical outcomes (Tab. V). 

Discussion

No association between the neurovascular compres-
sion in CPA-IAC region and vestibular tests in patients 
with ISSNHL 
In this study, using three anatomical classification systems, 
no direct evidence of neurovascular compression in the CPA-

Figure 4. AICA types of affected and non-affected side in unilateral 
ISSNHL patients classified by Kazawa (A), Chavda (B), and Gorrie sys-
tems (C).

A

B

C
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IAC region associated with the hypofunction of vestibular 
end organs in ISSNHL patients was found. Although several 
previous studies have examined the relationship between the 
radiological sign of neurovascular compression in CPA-IAC 
and the clinical profile and hearing outcomes for patients with 
ISSNHL, to the best of our knowledge, the present study is 
the first to document the relevance of this imaging sign to 
vestibular impairment in these patients  10,11,13. Two patho-
physiological hypotheses were proposed for vascular-cranial 
nerve compression syndrome. Firstly, the progressive pulsa-
tile vascular compression of the nerve can result in focal de-
myelination, reorganisation and axonal hyperactivity in the 
central glial and peripheral non-glial junction (also named as 
transition zone) 17,18. This process may be accelerated by arte-
riosclerosis and by arachnoid adhesions that cause fixation of 
the vessel to the nerve 19. The second hypothesis is that neu-
rovascular compression might gradually leads to a decrease 
in vascular perfusion. Although the vascular compression 
syndromes have been considered a major cause of hemifacial 
spasm and trigeminal neuralgia 20, its role in audio-vestibular 
symptoms remains debatable. The mechanism of vestibular 

impairment in ISSNHL patients is also unclear. Although the 
comprehensive evaluation of vestibular function can locate 
the damaged vestibular end organs, the exact cause of these 
impairments cannot be determined by the results of ves-
tibular tests alone. Some studies have reported significantly 
elevated levels of antibodies related to autoimmunity or se-
rological markers of viral infection in ISSNHL patients 21,22. 
However, whether these potential causes contribute to the 
vestibular symptoms in ISSNHL remains inconclusive. The 
present study demonstrated that the vascular-cranial nerve 
compression in the CPA-IAC region may not be involved in 
the mechanism of vestibular impairment in ISSNHL patients.
To date, few studies have addressed the association between 
vestibular deficits and signs of neurovascular compression 
in the CPA-IAC region 23,24. Loader et al. found that in ves-
tibular neuritis cases, compared to patients with pathologi-
cal caloric test results and healthy controls, patients who 
presented with acute vestibular dysfunction but without 
abnormal caloric results had significantly increased prev-
alence of neurovascular conflicts  23. In the research of Di 
Stadio et al., vestibular hypofunction confirmed by caloric 

Table III. Comparison of clinical characteristics between unilateral ISSNHL patients with different AICA types classified by Kazawa, Chavda and 
Gorrie systems

Tinnitus (%) Vertigo (%) Initial hearing 
threshold (dB), 

mean (IQR)

Audiogram (up/
down/flat/total)

Outcome hearing 
threshold (dB), 

mean (IQR)

Clinical 
outcome 

(CR/GR/PR/
NR)

Kazawa 
system

IA (n = 10) 9 (90%) 5 (50%) 83 (54, 104) 1/3/3/3 87 (34, 101) 2/1/0/7

IB (n = 17) 13 (76.5%) 12 (70.6%) 95 (69, 111) 1/4/4/8 84 (49, 104) 2/2/4/9

IIA (n = 30) 29 (96.7%) 14 (46.7%) 83 (54, 104) 1/10/8/11 70 (29, 98) 7/3/3/17

IIB (n = 14) 13 (92.9%) 10 (71.4%) 89 (66, 101) 1/7/4/2 70 (42, 102) 1/2/3/8

Test statistics c² = 4.616 c² = 4.049 F = 0.235 c² = 6.009 - -

p value 0.148 0.277 0.872 0.753 0.770 0.927

Chavda 
system

I (n = 40) 38 (95%) 19 (47.5%) 83 (56, 104) 2/13/11/14 76 (31, 98) 9/4/3/24

II (n = 29) 25 (86.2%) 22 (75.9%) 89 (71, 105) 2/10/7/10 78 (47, 103) 2/4/6/17

III (n = 2) 1 (50%) 0 72 (48, -) 0/1/1/0 43 (18, -) 1/0/1/0

Test statistics c² = 4.840 c² = 7.955 - c² = 2.660 - -

P value 0.079 0.012 0.724 0.974 0.268 0.263

Gorrie 
system

A (n = 6) 6 (100%) 2 (33.3%) 77 (55, 102) 1/2/1/2 62 (23, 101) 2/0/1/3

B (n = 26) 24 (92.3%) 13 (50%) 80 (57, 97) 0/10/9/7 66 (34, 98) 5/6/5/10

C (n = 21) 19 (90.5%) 16 (76.2%) 96 (78, 113) 0/5/5/11 90 (65, 109) 1/0/2/18

D (n = 18) 15 (83.3%) 10 (55.6%) 83 (50, 103) 3/7/4/4 62 (28, 97) 4/2/2/10

Test statistics c² = 1.372 c² = 5.251 - c² = 11.516 - -

p value 0.707 0.174 0.346 0.185 0.123 0.016
CR: complete recovery; GR: good recovery; PR: poor recovery; NR: non-responders; IQR: interquartile range (25th and 75th percentiles).
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test in patients with asymmetric audio-vestibular symptoms 
was significantly correlated with the calibre of the vessels 
involved in loop and the number of contacts between loop 
and CVN 24. Many studies in recent years have found char-
acteristic PSCC injury in ISSNHL patients, which is be-
lieved can be explained by the haemodynamic abnormali-
ties of the inner ear. The blood supply of PSCC is from the 
posterior vestibular artery, one of the branches from AICA, 
however, according to the present results, the PSCC pare-

sis in ISSNHL patients may not be due to the neurovascu-
lar compression in the CPA-IAC region. The bioimaging 
marker of inner ear end organ deficit in ISSNHL patients 
remains to be explored.

Clinical features and neurovascular compression in 
CPA-IAC region in ISSNHL patients
We found that Chavda type II (AICA loop inside the IAC, 
extending < 50%) was more common in patients with ver-

Table IV. Comparison of vestibular test results between unilateral ISSNHL patients with different AICA types classified by Kazawa, Chavda and Gor-
rie systems.

CP value (%), mean (IQR) cVEMP (N/A) oVEMP (N/A) vHIT (N/abnormal PSCC/abnormal 
without PSCC abnormality)

Kazawa 
system

IA 15.5 (3.5, 43) 6/3 5/3 7/3/0

IB 27 (10, 40) 9/4 10/4 10/7/0

IIA 29.5 (10, 46.8) 16/11 9/6 20/9/1

IIB 17 (7, 58) 3/5 2/6 11/3/0

Test statistics - c² = 2.258 c² = 4.495 c² = 3.575

p value 0.744 0.540 0.225 0.871

Chavda 
system

I 25.5 (8.5, 44.75) 22/14 14/9 27/12/1

II 19 (9.5, 41) 12/9 12/8 19/10/0

III 4 - 0/2 2/0/0

Test statistics - c² = 0.087 c² = 2.458 c² = 3.263

p value 0.409 0.768 0.312 0.947

Gorrie system A 27 (9.5, 42.5) 4/2 3/1 6/0/0

B 20 (8, 48.3) 13/7 9/7 19/7/0

C 19 (8, 34.5) 10/8 10/5 13/8/0

D 30 (9.5, 51) 7/6 4/6 10/7/1

Test statistics - c² = 0.775 c² = 2.229 c² = 7.347

p value 0.845 0.922 0.593 0.257
CP: canal paresis; cVEMP: cervical vestibular evoked myogenic potential; oVEMP: ocular vestibular evoked myogenic potential; vHIT: video head impulse test; PSCC: posterior semi-
circular canal; N: normal; A: abnormal; IQR: interquartile range (25th and 75th percentiles).

Table V. Comparison of hearing outcomes between unilateral ISSNHL patients with normal/abnormal vestibular test results

CR GR PR NR Test statistics p value

Caloric test (N/A) 6/6 7/1 4/5 20/21 β = 0.372 0.430

cVEMP (N/A) 9/1 4/1 1/3 19/18 β = 1.124 0.068

oVEMP (N/A) 7/3 3/2 2/3 14/11 β = 0.334 0.568

vHIT ASCC (N/A) 12/0 8/0 9/1 36/5 β = 1.517 0.190

vHIT HSCC (N/A) 12/0 7/1 8/2 30/11 β = 1.320 0.064

vHIT PSCC (N/A) 12/0 7/1 6/4 24/17 β = 1.475 0.012
ASCC: anterior semicircular canal; HSCC: horizontal semicircular canal; PSCC: posterior semicircular canal; CR: complete recovery; GR: good recovery; PR: poor recovery; NR: non-
responders.
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tigo, while Chavda type I (AICA loop outside the IAC) was 
more common in ISSNHL patients who did not complain of 
vertigo. Accompanying symptom of tinnitus, initial hearing 
threshold, and hearing threshold after treatment were not as-
sociated with the variation of neurovascular relationships. In 
our previous study with different participants, the same three 
systems were used to classify the neurovascular anatomical 
relationship in the CPA-IAC region for ISSNHL patients. No 
association between vertigo symptoms and different types 
was found. However, in terms of patients with tinnitus, the 
Kazawa type IIA is significantly more common than type 
IB 10. Kim et al. applied the Gorrie and Chavda classification 
systems in ISSNHL patients and found that the AICA types 
did not affect the incidence of vertigo or tinnitus 11. The varia-
tions among these findings may be attributed to the differenc-
es of the subjects enrolled. On the other hand, it also suggests 
that these commonly used imaging classification systems are 
not stable methods for differentiating ISSNHL symptoms.
According to a recent systematic review, AICA loops in 
the CPA-IAC region were very common in patients with 
audio-vestibular symptoms. In nearly 70% of these pa-
tients, no correlation was found between vascular loops 
and symptoms  11. Therefore, it was proposed that the AI-
CA loops could be regarded as a normal anatomical vari-
ation  9,25. However, most of the studies in the systematic 
review enrolled patients with asymmetric audio-vestibular 
symptoms, rather than patients with confirmed diagnosis of 
ISSNHL. The lack of consistent inclusion criteria prevents 
us from simply excluding neurovascular compression from 
the possible pathological mechanisms of symptoms in ISS-
NHL patients. Whether the vertigo or tinnitus in ISSNHL 
patients are related to neurovascular compression in the 
CPA-IAC region needs further study with larger sample in 
the future. 

Hearing prognostic factors in ISSNHL: vestibular im-
pairment versus neurovascular compression
In this study, ISSNHL patients with pathological vHIT re-
sults from PSCC were more prone to poor hearing recov-
ery. In previous studies of ISSNHL patients, multivariate 
analyses of vHIT and VEMP results in ISSNHL patients 
showed that PSCC impairment was significantly correlated 
with incomplete hearing recovery 4,5. Seo et al. reported that 
among the 5 vestibular end organs, only damage of PSCC 
was associated with poor prognosis for hearing recovery 4. 
Byun et al. found that decreased vHIT gain in PSCC was a 
specific prognostic factor for incomplete hearing recovery 
in ISSNHL patients  5. The susceptibility to ischaemia of 
the cochlea may provide an explanation for these findings. 

The CCA branched from the labyrinthine artery supplies 
the PSCC, the inferior portion of saccule, and the cochlea. 
PSCC is solely supplied by the CCA, whereas the saccule 
receives dual blood supply from AVA. Therefore, the is-
chaemia of CCA could result in isolated hypofunction of 
PSCC in ISSNHL patients, accompanied with severe hear-
ing loss. In conclusion, from previous findings and present 
results, the dysfunction of PSCC is of good consistency 
with poor hearing outcomes in patients with ISSNHL.
This study found that ISSNHL patients with Gorrie type 
C (the AICA loop running between the VII cranial nerve 
and CVN) were more likely to have poor hearing outcomes 
than those with type B (the AICA loop was adjacent to the 
nerves), while outcomes did not differ between types based 
on the Kazawa or Chavda classification systems. This find-
ing was consistent with our previous study  10. In a study 
using the Kazawa classification system, Ezerarslan et  al. 
found that ISSNHL patients with Kazawa type IIB (AICA/
PICA loop entering the IAC) had a worse response to stand-
ard treatment  13. Furthermore, Kim et al. found that there 
were no significant differences in the hearing outcomes 
among the subtypes classified by the Chavda or Gorrie sys-
tems 11. The variability of these results suggests that the cur-
rent imaging classification systems are not stable in predict-
ing hearing outcomes in ISSNHL patients.
The hearing prognosis of ISSNHL patients is affected by 
various factors including age, degree of hearing loss, pres-
ence of vertigo, audiometric configuration, duration from 
onset to treatment, and underlying diseases such as hyper-
tension and diabetes 1,26. For instance, it has been found that 
low monocyte counts were associated with good prognosis 
in ISSNHL patients 27. In view of the fact that a consider-
able proportion (45.5-62.1%) of ISSNHL patients present-
ing pathological vestibular test results did not complain of 
dizziness or vertigo subjectively  4-6, when predicting the 
prognosis of ISSNHL patients, an overall consideration in-
cluding the results of blood tests, vestibular tests and other 
related factors may be necessary due to the complex aetiol-
ogy of ISSNHL. The present and previous studies found 
that the impaired PSCC was associated with poor hearing 
outcomes in ISSNHL patients. However, the results of im-
aging classification systems were not consistent with hear-
ing outcomes. It suggests that the neurovascular compres-
sion in CPA-IAC region may not be a stable predictor and 
current imaging classification systems needs further opti-
misation.
This study is the first to apply three classification methods 
to explore the relationship between neurovascular compres-
sion signs and vestibular function in patients with ISSNHL. 
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Due to the objective limitations in present study, there is 
still room for further refinement. As a retrospective study, 
this research is limited by variations in the timing of pa-
tients' initial visits and follow-ups, which may introduce 
bias. Moreover, the sample size was limited by the avail-
ability of clinical data, and a control group could not be 
included due to incomplete historical records. Future stud-
ies with larger prospective cohorts and well-defined con-
trol groups are warranted to further support our findings 
and provide a more comprehensive understanding of the 
relationship between neurovascular compression, hearing 
outcomes and vestibular dysfunction. Secondly, the neuro-
vascular relationship of CVN and AICA in CPA-IAC re-
gion were evaluated by three imaging classification systems 
commonly used before. There is no generally recognised 
imaging classification system at present. Future studies 
need to deepen the research on the classification technol-
ogy in order to evaluate the neurovascular relationships in 
the CPA-IAC region more reliably and generally accepted.

Conclusions 
No association between vestibular testing results and radio-
logical neurovascular compression signs in the CPA-IAC 
region was found in patients with ISSNHL. The hearing out-
comes of ISSNHL patients was correlated with vestibular 
compromise rather than neurovascular compression signs.
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Supplementary Table SI. MR scanning protocol.

Scanning Parameters (3.0T) T1 weighted imaging T2 weighted imaging 3D-SPACE

Plane Sagittal and axial Axial Axial 

TR (ms) 300 9000 1000

TE (ms) 2 90 135

Fat saturation / TIR /

Slice thickness (mm) 5 5 0.5

Slices (no.) 15 17 56

FOV (mm2) 250×250 220×200 200×200

Matrix 320×320 640×640 384×384

Averages 1 1 2

Bandwidth (Hz/Px) 330 287 289
MR: magnetic resonance; 3D-SPACE: three-dimensional sampling perfection with application optimised contrasts using different flip angle evolutions; TR: repetition time; TE: echo 
time; FOV: field of view.




