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synaptic loss in ear fullness 
revealed by SV2A positron 
emission tomographycortical
En Zhou 1, Xuping Xiao 1, Bin Liu 1, Zhiqiang Tan 1* and 
JiaYu Zhong 2*
1 Department of Otolaryngology Head and Neck Surgery, Hunan Provincial People's Hospital, The First 
Affiliated Hospital of Hunan Normal University, Changsha, China, 2 Department of Nuclear Medicine, 
Xiangya Hospital, Central South University, Changsha, China

Objective: Studies on feeling of ear fullness (FEF) related to sudden sensorineural 
hearing loss(SSNHL) are limited. The mechanisms of FEF are unclear. This study 
aimed to explore the characteristics and related brain activation of SSNHL with 
FEF.

Methods: A total of 269 SSNHL patients were prospectively observed and divided 
into two groups, with FEF and without FEF. Fifteen SSNHL patients with FEF and 
20 healthy controls (HCs) were recruited and underwent 18F-SynVesT-1 static 
PET. Standardized uptake values ratios (SUVr) of 18F-SynVesT-1 were computed 
between regions of interest.

Results: The occurrence of FEF was not related to the audiogram type or 
severity of hearing loss. There was a positive correlation between the degree 
of FEF and the degree of hearing loss. Recovery from FEF was not related to 
the audiogram shape, the degree of hearing loss or recovery. Fifteen SSNHL 
patients with FEF had relatively low 18F-SynVesT-1 uptake in the right middle 
frontal gyrus, right inferior frontal gyrus, right middle temporal gyrus, bilateral 
parietal lobe sub-gyral and left medial frontal gyrus, as compared with HCs. 
There was no relatively high 18F-SynVesT-1 uptake in the cerebral cortex.

Conclusion: The occurrence and recovery of FEF in SSNHL patients are 
not related to the classification, degree and recovery of hearing loss. The 
18F-SynVesT-1 uptake in the cerebral cortex of patients experiencing SSNHL 
and FEF has shown alterations. This indicates that FEF may be related to cortical 
reorganization after the sudden impairment of unilateral auditory input.
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1 Introduction

The feeling of ear fullness (FEF) is a common concomitant symptom in patients with 
sudden sensorineural hearing loss (SSNHL), which is manifested as a sense of blockage, 
pressure, occlusion etc. It can occur with hearing loss, or it can be the only initial symptom. 
Sakata and Kato (2006) reported that 83.7% (190/227) of patients with acute sensorineural 

OPEN ACCESS

EDITED BY

Lihua Li,  
Second Affiliated Hospital of Nanchang 
University, China

REVIEWED BY

Tianbin Song,  
Capital Medical University, China
Tian Wang,  
Stanford University, United States
Hongzheng Zhang,  
Southern Medical University, China

*CORRESPONDENCE

Zhiqiang Tan  
 tzq4424726@163.com  

JiaYu Zhong  
 jane1991@csu.edu.cn

RECEIVED 18 June 2024
ACCEPTED 20 August 2024
PUBLISHED 06 September 2024

CITATION

Zhou E, Xiao X, Liu B, Tan Z and 
Zhong J (2024) Characteristics of ear fullness 
and synaptic loss in ear fullness revealed by 
SV2A positron emission tomographycortical.
Front. Mol. Neurosci. 17:1451226.
doi: 10.3389/fnmol.2024.1451226

COPYRIGHT

© 2024 Zhou, Xiao, Liu, Tan and Zhong. This 
is an open-access article distributed under 
the terms of the Creative Commons 
Attribution License (CC BY). The use, 
distribution or reproduction in other forums is 
permitted, provided the original author(s) and 
the copyright owner(s) are credited and that 
the original publication in this journal is cited, 
in accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Original Research
PUBLISHED 06 September 2024
DOI 10.3389/fnmol.2024.1451226

https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnmol.2024.1451226&domain=pdf&date_stamp=2024-09-06
https://www.frontiersin.org/articles/10.3389/fnmol.2024.1451226/full
https://www.frontiersin.org/articles/10.3389/fnmol.2024.1451226/full
https://www.frontiersin.org/articles/10.3389/fnmol.2024.1451226/full
https://www.frontiersin.org/articles/10.3389/fnmol.2024.1451226/full
mailto:tzq4424726@163.com
mailto:jane1991@csu.edu.cn
https://doi.org/10.3389/fnmol.2024.1451226
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/molecular-neuroscience#editorial-board
https://www.frontiersin.org/journals/molecular-neuroscience#editorial-board
https://doi.org/10.3389/fnmol.2024.1451226


Zhou et al. 10.3389/fnmol.2024.1451226

Frontiers in Molecular Neuroscience 02 frontiersin.org

hearing loss complained of ear fullness. Compared with ear fullness, 
patients and doctors often pay more attention to more serious 
symptoms such as hearing loss or tinnitus, vertigo etc. However, even 
if they have obtained stable hearing, some patients with SSNHL still 
have a relatively serious sense of ear fullness, which leads to anxiety, 
boredom and other negative emotions, causing adverse effects on their 
work, life and sleep (Levo et al., 2014; Zhou et al., 2021). The specific 
mechanism and characteristics of ear fullness in patients with SSNHL 
are still unclear, and literature reports are rare (Park et al., 2012; Sakata 
et al., 2008; Sakata and Kato, 2006; Zhou et al., 2021).

After unilateral auditory deprivation in deafness, the brain 
undergoes cross-modal compensation, with reorganization of synaptic 
connections and strength in response to loss of afferent drive (Zeng 
et al., 2012). Micarelli et al. (2017) showed that idiopathic sudden 
sensorineural hearing loss (ISSNHL) subjects had hypermetabolism 
in the right superior and medial frontal gyrus and right anterior 
cingulate cortex and a relative reduction in fluorodeoxyglucose uptake 
in the right middle temporal, precentral and postcentral gyrus; left 
posterior cingulate cortex; left lingual, superior, middle temporal and 
middle frontal gyrus and left insula. Moreover, glucose consumption 
in the right anterior cingulate cortex was positively correlated with 
mean tinnitus handicap inventory (THI). Wang et al. (2021) showed 
that significantly decreased regional homogeneity (ReHo) in the 
ipsilateral auditory cortex, as well as increased functional connectivity 
(FC) between the inferior parietal gyrus and the auditory cortex were 
found in the idiopathic sudden sensorineural hearing loss (ISSNHL) 
with vertigo groups. To our knowledge, there is currently no study on 
cortical synaptic plasticity in SSNHL with FEF.

Synaptic vesicular glycoprotein 2A (SV2A) is an integral 
glycoprotein in the membrane of synaptic vesicles located in the 
presynaptic end, which is involved in vesicle trafficking and exocytosis 
and widely distributed throughout the brain (Mikkelsen et al., 2023). 
The novel SV2A positron emission tomography (PET) radiotracer 18F 
SynVesT-1 can measure synaptic density and has been widely used in 
the assessment of synaptic loss and lesion localization in various 
neuropsychiatric diseases (Carson et al., 2022). Unlike 18F-FDG and 
fMRI, 18F-SynVesT-1 directly targets synapses, quantifies synaptic 
density and is particularly suitable for detecting changes in cortical 
synapses in the early stages of disease.

We hypothesized that specific synaptic density signatures are 
present in SSNHL with FEF. In this study, we  observed the 
characteristics and prognosis of ear fullness in SSNHL. Additionally, 
based on 18F-SynVesT-1-PET synaptic density imaging, we  will 
investigate the relationship between ear fullness and synaptic 
reorganization after auditory deprivation in patients with SSNHL.

2 Materials and methods

2.1 Inclusion and exclusion criteria

This study used a prospective study protocol. Patients with 
unilateral SSNHL were included. Regarding complaint of ear fullness, 
they were divided into two groups: with and without ear fullness. 
According to the frequency of hearing loss, they were divided into a 
low-frequency decline type (hearing loss at frequencies below 1,000 Hz 
(inclusive) and hearing loss at least at 250 and 500 Hz ≥ 20 dBHL), a 
high-frequency decline type (hearing loss at frequencies above 

2,000 Hz (inclusive), hearing loss at least at 4,000 and 
8,000 Hz ≥ 20 dBHL) and an all-frequency decline type (hearing loss 
at all frequencies ≥20 dBHL).

The inclusion criteria were as follows: 1. Fulfilment of the 
diagnostic criteria of SSNHL in the 2015 Chinese Guidelines for the 
diagnosis and treatment of SSNHL (2015), including sudden 
sensorineural hearing loss of unknown cause within 72 h, hearing loss 
≥20 dBHL at a minimum of two adjacent frequencies. 2. Presence of 
a single ear disease. The time from the onset to the hospital visit was 
≤14 days. No treatment was given during the period from the onset to 
the hospital visit. 3. Presence of ear fullness accompanied by the 
appearance of SSNHL, or the initial symptom of the disease. 4. Age 
between 18 and 65 years and the ability to cooperate in completing 
audiological and imaging examinations and the subjective severity 
assessment scale of ear fullness.

The exclusion criteria were the following: 1. Presence of external 
and middle ear diseases, superior semi-circular canal fissure 
syndrome, endolymphatic sac tumour, Meniere’s disease, acoustic 
nerve space occupying, nasal sinus related diseases, parapharyngeal 
space diseases, temporomandibular joint disorders, rheumatic 
immune-related diseases, cardiovascular and cerebrovascular diseases, 
psychosis, diabetes and other space-occupying diseases of the whole 
body. 2. History of SSNHL, Meniere’s disease, ear surgery or migraine. 
3. Inability to cooperate with follow-up.

2.2 Follow-up

Two hundred ninety-eight patients with unilateral SSNHL 
hospitalised in the Department of Otolaryngology Head and Neck 
Surgery of Hunan Provincial People’s Hospital from June 2015 to 
September 2022 were included in the study. According to the above 
inclusion and exclusion criteria, 29 patients who did not meet the 
conditions were excluded, including four patients with bilateral 
diseases successively, one patient with a space-occupying lesion of the 
auditory nerve found on MRI of the internal auditory canal, four 
patients with chronic sinusitis, two patients with a previous history of 
SSNHL, four patients with cardiovascular and cerebral vascular 
diseases and 14 patients unable to cooperate in completing the 
examination or follow-up. Finally, 269 patients were followed up.

All patients in this study were followed up by way of outpatient 
return visit and WeChat communication for 1 month. Students 
specially designated by the department contacted any patients who 
failed to attend timely outpatient follow up. The results of pure tone 
hearing threshold and VAS score of ear fullness after 1 month of 
treatment are the final recovery results.

2.3 Examination and treatment

All patients were examined and treated according to the 
recommendations of China’s 2015 Guidelines for the Diagnosis and 
Treatment of SSNHL (Editorial Board of Chinese Journal of 
Otorhinolaryngology Head and Neck Surgery et al., 2015). All patients 
completed the subjective severity assessment scale of ear fullness. The 
following examinations were completed: otoendoscope, pure tone 
hearing threshold, acoustic conduction anti-eustachian tube function 
examination, otoacoustic emission (TEOAE, DPOAE), auditory 
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evoked potential (ABR), Audio Steady-State Response (ASSR), plain 
and enhanced MRI of the internal auditory canal and temporal 
bone CT.

All patients were treated immediately after hospitalisation, mainly 
including an intravenous drip of dexamethasone sodium phosphate 
injection at 10 mg/day; the dosage was reduced to 5 mg/day after 
7 days, and the drug was stopped after 3 days of continuous use. 
Ginkgo damole injection (Ginkgo biloba leaf extract) was administered 
at 20 mL/day and discontinued after 10 days of continuous use. Oral 
mecobalamin (nutritional nerve) was administered at 0.5 mg/dose, 3 
times/day, and discontinued after 10 days of continuous use. Patients 
with severe tinnitus were treated with an intravenous drip of 2% 
lidocaine injection at 20 ml/day for 7 days. The intake of normal saline 
was limited in patients with SSNHL of the low-frequency descent type. 
Patients with poor efficacy were treated with a hyperbaric oxygen 
supplement and tympanic hormone injection. During the treatment, 
the hearing was rechecked twice a week. If the patient recovered, the 
treatment was terminated early.

2.4 PET imaging and data analysis

Fifteen SSNHL patients with ear fullness and 20 healthy controls 
(HCs) were recruited. All participants underwent 18F-SynVesT-1 
static PET imaging and magnetic resonance imaging (MRI). The 
compound 18F-SynVesT-1 was synthesized using previously described 
methods (Li et al., 2019; Naganawa et al., 2021). All participants did 
not take drugs targeted to SV2A for at least 24 h before their scans. 
Static PET images were acquired in three dimensions for 30 min, 
starting at ~60 min after intravenous injection of 18F-SynVesT-1 
(3.7 MBq/kg for 1 min). PET/computed tomography (CT) images 
were acquired by a Discovery Elite PET/CT scanner (GE Healthcare). 
Participants were placed in the PET scanner so that slices were parallel 
to the canthomeatal line. Data were reconstructed with a 3D VUE 
Point (GE Healthcare) ordered-subset expectation maximization 
algorithm with two iterations and 23 subsets as described previously 
(Tang et  al., 2022). To assist co-registration with PET images, 
T1-weighted structural MRI was conducted for all patients. PET 
images were coregistered to the participant’s T1-weighted MR image 
using statistical parametric mapping software (SPM12, University 
College London) and Computational Anatomy Tool-box (CAT12; 
Tzourio-Mazoyer et  al., 2002). The transformation parameters 
determined by MRI spatial normalization were then applied to the 
co-registered 18F-SynVesT-1 PET images for PET spatial 
normalization. Semiquantitative analysis was performed for all PET 
data. Visual assessment of PET images was undertaken by a single 
operator. Standardized uptake values (SUVs) were calculated for all 
regions of interest (ROIs), and standardized uptake values ratio 
(SUVr) with the centrum semiovale (CS) as a reference region was 
calculated for interpatient comparisons (Finnema et  al., 2020). 
Comparisons between groups were performed using the Mann–
Whitney U test of SPM. Sex and age at PET with tinnitus and time of 
education were used as covariates in comparisons between SSNHL 
patients and HCs. The height threshold of synaptic density changes 
was set at p < 0.001 [p < 0.05 familywise error (FWE) corrected at 
cluster]. After data were preprocessed using SPM, significant clusters 
were visualized, reported and anatomically labelled using the xjView 
MATLAB toolboxes.

2.5 Grades of hearing loss and efficacy 
evaluation

Hearing loss was graded according to WHO-1997 (Smith, 1997) 
as (1) extremely severe hearing loss: PTA ≥81 dBHL; (2) severe 
hearing loss: 61–80 dBHL; (3) moderate hearing loss: 41–60 dBHL; (4) 
slight hearing loss: 26–40 dBHL; (5) normal hearing: PTA 
≤25 dBHL. In the scaling-out cases, calculations were performed by 
adding 5 dB to the maximum level of sound generated by the 
audiometer. All frequency hearing thresholds were calculated for the 
all-frequency hearing loss type, and the damaged frequency was 
calculated for the high- and low-frequency hearing loss types.

Efficacy evaluation (2015): 1. Cured: hearing is completely 
restored to the level before the current illness or to the normal ear. 2. 
Remarkable effect: the average hearing threshold of the damaged 
frequency is improved by ≥30 dB. 3. Effective: The average hearing 
threshold of the damaged frequency is improved by 15–30 dB. 4. 
Ineffective: the improvement is less than 15 dB.

2.6 Grades of ear fullness and efficacy 
evaluation

Grades of ear fullness: According to a previous experience (Zhou 
et al., 2021), the severity of ear fullness was graded by visual analogue 
scale (VAS) score: “Slight” (1–2 points); Slight ear fullness, hazy 
feeling, not affecting mood, work and social life, and a weak desire for 
treatment. “Moderate” (3–4 points); There is obvious sense of ear 
fullness and occlusion, which can cause boredom, without affecting 
work and social life, and has a desire for treatment. “Pretty” (5–6 
points): There is an obvious sense of ear fullness, blockage, and 
pressure, which can cause depression and anxiety, affect work and 
social life, not affect sleep,and has a strong desire for treatment. 
“Serious” (7–8 points): There is a very obvious sense of ear fullness 
and distension, which causes boredom, irritability, and anxiety, has a 
significant impact on work and social life, affects sleep, and has a 
strong desire for treatment. “Extremely Serious” (9–10 points): Ear 
fullness causes severe discomfort, irritability, anxiety, and serious 
impact on work, social life, and sleep. The desire for treatment is 
higher than the hearing loss, which is very strong.

Efficacy evaluation: Cured: VAS score was 0; Remarkable effect: 
VAS score improved by more than 4 points or less than 1/2 of the 
initial score; Effective: VAS score improved by more than 2 points or 
more or equal to 1/2–2/3 of the initial score; Ineffective: VAS score 
improved by less than 2 points or greater than 2/3 of the initial score 
or recurrence within 1 week.

2.7 Clinical data analysis

SPSS v 23.0 software was used to analyse the clinical data. The 
rank sum test was used for counting data of ordered classification. 
Chi-square test for fourfold table data, and if the conditions for the 
chi-square test are not met, Fisher’s exact probability method can 
be  used. For count data that meets the assumptions of normal 
distribution and homogeneity of variance, a t-test is used. Spearman 
rank correlation analysis was used for two-way ordered rank data. 
Results were considered statistically significant at p < 0.05.
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3 Results

3.1 Patient information

Two hundred sixty-nine patients with unilateral SSNHL were 
included, 128 males (47.6%) and 141 females (52.4%). One hundred 
forty-six cases (54.3%) in the group had ear fullness, and 123 cases 
(45.7%) in the group did not have ear fullness. There was no difference 
between the two groups in age, gender, deafness side, course of 
disease, type of hearing loss, degree of hearing loss and ABR elicitation 
(p > 0.05; Table 1 and Supplementary Tables 1–2).

3.2 Relationship between the grade of ear 
fullness and degree of hearing loss

There was a positive correlation between the grade of ear fullness 
and the degree of hearing loss in patients with SSNHL (rs = 0.442, 
p = 0.000; Table 2).

3.3 Relationship between hearing recovery 
and ear fullness

Hearing recovery: After 1 month of treatment, the total efficacy 
rate of hearing recovery was 74.7% (201/269). There was no statistical 
difference in hearing recovery between the patients with and without 
ear fullness (Z = 0.296, p = 0.767; Table 3).

Hearing recovery in patients with different subtypes of SSNHL: 
The total efficacy rate of hearing recovery in patients with different 
subtypes of SSNHL was 92.8% (64/69) in low-frequency descent type, 
67.3% (37/55) in high-frequency descent type, and 69.0% (100/145) 
in all-frequency descent type. The difference of hearing recovery 
among different subtypes was statistically significant (H = 48.75, 
p = 0.000). There was no statistical difference in the hearing recovery 
of patients with low-frequency descent, high-frequency descent, and 
all-frequency descent SSNHL in the groups with and without ear 
fullness (Z = −0.737, −0.368, −0.029 and p = 0.461, 0.713, 0.977, 
respectively; Table 4).

3.4 Relationship between recovery of ear 
fullness and hearing loss

Recovery of ear fullness: 43.2% (63/146) of patients with ear 
fullness disappeared after 1 week of treatment, and the total efficacy 
rate was 88.4% (129/146). After 1 month of treatment, 88.4% (129/146) 
of patients were cured of ear fullness, and the total efficacy rate was 
95.2% (139/146). The effect after 1 month of treatment was better than 
that after 1 week of treatment (Z = 7.778, p = 0.000; Table 5).

Recovery of ear fullness in patients with different subtypes of 
SSNHL: After 1 month of treatment, the total efficacy rate of recovery 
of ear fullness was 97.4% (38/39) for low-frequency descent type, 
93.1% (27/29) for high-frequency descent type, and 94.9% (74/78) for 
full frequency descent type. There was no statistical difference among 
the three groups (H = 0.890, p = 0.641; Table 6).

Recovery of ear fullness in SSNHL patients with different degree 
of hearing loss: There was no statistical difference in the recovery of 
ear fullness in SSNHL patients with different hearing thresholds 
(H = 2.065, p = 0.559; Table 7).

Recovery of ear fullness after 1 month of treatment is not related 
to the improvement of hearing (rs = 0.146, p = 0.079; Table 8).

3.5 Synaptic density changes in SSNHL 
patients with ear fullness

3.5.1 Demographic and clinical features of 
subjects

As shown in Table 9, SSNHL patients with ear fullness and HCs 
were well matched for age, sex and education. There was no significant 
difference among groups in sex distribution, age and various clinical 
indicators (p > 0.05). The 18F-SynVesT-1 injection was well tolerated, 
and no subjective or objective adverse effects were detected.

3.5.2 Synaptic density changes
On an individual visual level, as diagnosed in routine clinical 

practice using 18F-SynVesT-1-PET imaging, all patients had a visually 
normal 18F-SynVesT-1-PET. Voxel-based group analysis showed that 

TABLE 1 Comparison of the general characteristics of the two groups of 
patients.

With ear 
fullness

Without 
ear 

fullness

Statistical 
test value

p-
value

Total 

number(n)

146 123

Gender(Male/

Female; n)

66/80 62/61 χ2 = 0.724 p = 0.395

Side (left/ 

right; n)

74/72 66/57 χ2 = 0.237 p = 0.627

Age(y) 41.92 ± 14.68 42.27 ± 14.63 t = 0.195 p = 0.846

Course of 

disease(d)

4.05 ± 1.97 4.11 ± 2.12 t = 0.240 p = 0.810

Type of 

hearing loss

Z = 1.434 p = 0.151

Low-frequency 

descent type

39 30

High-

frequency 

descent type

29 26

All-frequency 

descent type

78 67

Degree of 

hearing loss(n)

Z = 0.405 p = 0.686

Slight 13 10

Moderate 45 36

Severe 51 44

Extremely 

severe

37 33

ABR(n) χ2 = 0.064 p = 0.801

Normal 94 81

Abnormal 52 42
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SSNHL patients with ear fullness had relatively low 18F-SynVesT-1 
uptake in the right middle frontal gyrus, right inferior frontal gyrus, 
right middle temporal gyrus, bilateral parietal lobe sub-gyral and left 
medial frontal gyrus, as compared to that of HCs (the height threshold 
was set at p < 0.001, p < 0.05 FWE corrected at cluster). There was no 
relatively high 18F-SynVesT-1 uptake in the cerebral cortex. 
Coordinate and regional details are presented in Figure 1 and Table 10.

4 Discussion

Of SSNHL patients, 40.2–83.7% were afflicted by ear fullness 
(Sakata and Kato, 2006; Wang et al., 2015; Zhou et al., 2021). FEF often 
occurs in the ear with hearing loss, and a few patients can experience 
mild ear fullness in the healthy ear. In this study, the incidence of ear 
fullness was 54.3% (146/269), and the male-to-female ratio was 
0.825:1 (66/80). Seventy-four cases had left ear fullness, and 72 cases 

had right ear fullness. The healthy ears of four patients had mild to 
moderate ear fullness, and there was no statistical difference between 
males and females. These results are consistent with literature reports 
(Wang et al., 2015). There was no statistical difference in gender, age, 
auditory evoked potential results, audiogram type and degree of 
hearing loss between the patients with and without ear fullness, 
suggesting that these factors had nothing to do with the presence of 
ear fullness and were not predictive factors of ear fullness. Ear fullness 
is a subjective sensation, although common in Eustachian tube 
dysfunction, Meniere’s disease, and other conditions, there is a lack of 
methods for assessing the severity of ear fullness in clinical practice. 
Zhai et al. (2013) used a Visual Analog Scale (VAS) rating scale (1–10 
points) to assess the severity of ear fullness in patients with Meniere’s 
disease, but no detailed description of the assessment was provided. 
In our preliminary research, (Zhou et al., 2021) we used VAS scoring 
to classify ear fullness into slight, moderate, pretty, serious, extremely 
serious based on the patient’s description of ear fullness, its impact on 

TABLE 2 Relationship between the grade of ear fullness and the degree of hearing loss.

Grade of ear 
fullness

Degree of hearing loss [n (%)] Total

Slight Moderate Severe Extremely severe

Slight (0–2) 7 (4.8) 12 (8.2) 4 (2.7) 2 (1.4) 25 (17.1)

Moderate (3–4) 6 (4.1) 23 (15.8) 19 (13.0) 15 (10.3) 63 (43.2)

Pretty (5–6) 0 (0.0) 8 (5.5) 19 (13.0) 7 (4.8) 34 (23.3)

Serious (7–8) 0 (0.0) 2 (1.4) 9 (6.2) 13 (8.9) 24 (16.4)

Total 13 (8.9) 45 (30.8) 51 (34.9) 37 (25.3) 146 (100.0)

TABLE 3 Relationship between hearing recovery and ear fullness.

Group Total (n) Hearing recovery [n (%)]

Cured Remarkable effect Effective Ineffective Total effective 
rate

With ear fullness 146 51 (34.9) 31 (21.2) 27 (18.5) 37 (25.3) 109 (74.7)

Without ear 

fullness

123 48 (39.0) 20 (16.3) 24 (19.5) 31 (25.2) 92 (74.8)

TABLE 4 Relationship between hearing recovery and ear fullness in patients with SSNHL of various subtypes.

Group Total (n) Hearing recovery [n (%)]

Cured Remarkable 
effect

Effective Ineffective Total 
effective rate

Low-frequency 

descent type

With ear 

fullness

39 28 (71.8) 4 (10.3) 4 (10.3) 3 (7.7) 36 (92.3)

Without ear 

fullness

30 24 (80.0) 2 (6.7) 2 (6.7) 2 (6.7) 28 (93.3)

High-frequency 

descent type

With ear 

fullness

29 6 (20.7) 5 (17.2) 9 (31.0) 9 (31.0) 20 (69.0)

Without ear 

fullness

26 8 (30.8) 4 (15.4) 5 (19.2) 9 (34.6) 17 (65.4)

All-frequency 

descent type

With ear 

fullness

78 17 (21.8) 22 (28.2) 14 (17.9) 25 (32.1) 53 (67.9)

Without ear 

fullness

67 16 (23.9) 14 (20.9) 17 (25.4) 20 (29.9) 47 (70.1)

https://doi.org/10.3389/fnmol.2024.1451226
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org


Zhou et al. 10.3389/fnmol.2024.1451226

Frontiers in Molecular Neuroscience 06 frontiersin.org

TABLE 6 Recovery of ear fullness in SSNHL patients with different subtypes.

Group Total (n) Recovery of ear fullness [n (%)] Total effective 
rate

Ineffective Effective Remarkable effect Cured

Low-frequency 

descent type

39 1 (2.6) 0 (0.0) 2 (5.1) 36 (92.3) 38 (97.4)

High-frequency 

descent type

29 2 (6.9) 1 (3.4) 1 (3.4) 25 (86.2) 27 (93.1)

All-frequency 

descent type

78 4 (5.1) 1 (1.3) 5 (6.4) 68 (87.2) 74 (94.9)

TABLE 7 Recovery of ear fullness in SSNHL patients with different degree of hearing loss.

Degree of 
hearing loss

Total (n) Recovery of ear fullness [n (%)] Total effective 
rate

Ineffective Effective Remarkable 
effect

Cured

Slight 13 1 (7.7) 0 (0.0) 0 (0.0) 12 (92.3) 12 (92.3)

Moderate 45 0 (0.0) 1 (2.2) 2 (4.4) 42 (93.3) 45 (100)

Severe 51 4 (7.8) 1 (2.0) 2 (3.9) 44 (86.3) 47 (92.2)

Extremely severe 37 2 (5.4) 1 (2.7) 3 (8.1) 31 (83.8) 35 (94.6)

emotions, work and social interactions, its impact on sleep, and the 
patient’s desire for treatment. The severity of ear fullness of the 
subjects in this study was predominantly moderate (43.2%), followed 
by moderate to pretty severe (23.3%), indicating that the mood, work 
and social activities of the patients were affected. No patients had 
extremely serious ear fullness, and only 16.4% (24/146) of patients had 
serious ear fullness, indicating that ear fullness rarely affects patients’ 
sleep, and few patients have a strong desire for treatment. Spearman 
correlation analysis showed that there was a positive correlation 
between the grade of ear fullness and the degree of hearing loss 
(rs = 0.442). Sakata and Kato (2006) showed that the occurrence of ear 
fullness in patients with acute sensorineural hearing loss was not 
related to the type of hearing loss, but evaluation of the degree of ear 
fullness was not mentioned in this study. The higher the hearing 
threshold, the greater the impact on the patient’s mood and life. 
Hearing impairment and the emotional changes caused by it may also 
aggravate the feeling of ear fullness, so the relationship between the 
hearing threshold and ear fullness needs further study. There was no 
statistical difference between the total efficacy rate of hearing recovery 
in the groups with ear fullness (74.7%) and without ear fullness 
(74.8%), indicating that ear fullness was not a relevant prognostic 
marker in patients with SSNHL. After 1 month of treatment, the rate 
of recovery for ear fullness was 88.4%, and the overall efficacy rate was 

95.1%. With the recovery of hearing, most patients experienced a 
disappearance of ear fullness. However, many patients who did not 
fully regain their hearing also experienced a disappearance of ear 
fullness. This suggests that the symptoms of ear fullness have a good 
self-healing nature, and there is no correlation between the 
improvement of ear fullness and the recovery of hearing.

The mechanism causing ear fullness in SSNHL is still unclear. 
Zheng et al. (2019) found that the incidence of endolymphatic hydrops 
was 68.0%, higher than the 34.8% found in the healthy ear in patients 
with SSNHL. Okazaki et al. (2017) showed that there was no statistical 
difference in the incidence of endolymphatic hydrops in the affected 
ear (66%) compared with that in the healthy ear (52%) in patients with 
SSNHL. Whether patients with SSNHL have endolymphatic hydrops 
is still controversial. Ear fullness is also not a characteristic symptom 
of endolymphatic hydrops (Levo et al., 2014; Zhai et al., 2013). Sakata 
et al. (2012) found that there was a statistical difference between the 
tympanic membrane minimum sensory threshold for air pressure 
loading (MSTAP and daPa) of the affected ear and the normal ear at 
the first medical examination. The MSTAP measured at the first 
medical examination also differed from that measured at the time a 
steady audiogram was obtained. That is to say, the somatosensory 
regulation ability of the tympanic membrane in patients with SSNHL 
has changed, which may be related to the generation of ear fullness, 

TABLE 5 Recovery of ear fullness.

Group Total (n) Recovery of ear fullness [n (%)] Total effective 
rate

Ineffective Effective Remarkable effect Cured

After 1 week of 

treatment

146 17 (11.6) 24 (16.4) 42 (28.8) 63 (43.2) 129 (88.4)

After 1 month of 

treatment

146 7 (4.8) 2 (1.4) 8 (5.5) 129 (88.4) 139 (95.2)
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but the specific mechanism is unclear. Our research found that the 
occurrence of ear fullness in SSNHL is not related to the frequency or 
severity of hearing loss. Ear fullness has a high rate of self-healing and 
is not related to the recovery of hearing. This suggests that ear fullness 
may not be caused by organic lesions in the inner ear but may be due 
to some functional factor, similar to tinnitus.

Few PET studies have focused on cortical reorganization after 
SSNHL. Micarelli et  al. (2017) showed that ISSNHL subjects had 
hypermetabolism in the right superior and medial frontal gyrus as 
well as in the right anterior cingulate cortex and a relative reduction 

in fluorodeoxyglucose uptake in the right middle temporal, precentral 
and postcentral gyrus; left posterior cingulate cortex; left lingual, 
superior, middle temporal and middle frontal gyrus and left insula. 
This suggests that synaptic plasticity of the auditory cortex and 
surrounding related areas begins in the early stage of ISSNHL. Verger 
et al. (2017) showed that late-onset deafness patients were found to 
have decreased metabolism in pre- and post-central areas, the 
cingulum, the right inferior parietal gyrus and the striatum on both 
sides, while increased metabolism was found in the prefrontal areas, 
the pre- and post-central areas, the cingulum and the left inferior 

TABLE 8 Relationship between recovery of ear fullness and hearing recovery.

Recovery of ear 
fullness

Recovery of hearing loss [n (%)] Total

Ineffective Effective Remarkable effect Cured

Ineffective 3 (2.1) 2 (1.4) 2 (1.4) 0 (0.0) 7 (4.8)

Effective 1 (0.7) 0 (0.0) 0 (0.0) 1 (0.7) 2 (1.4)

Remarkable effect 3 (2.1) 2 (1.4) 0 (0.0) 3 (2.1) 8 (5.5)

Cured 30 (20.5) 23 (15.8) 29 (19.9) 47 (32.2) 129 (88.4)

Total 37 (25.3) 27 (18.5) 31 (21.2) 51 (34.9) 146 (100%)

TABLE 9 Demographic and clinical features of subjects.

Group Total With ear fullness Health controls Statistical test 
value

p

N 35 15 20 - -

Sex, male/female 19/16 8/7 11/9 - p = 1.000

Age, years ± SD 41.29 ± 13.33 41.87 ± 13.87 40.85 ± 12.26 t = 0.230 p = 0.450

Education, years ± SD 11.00 ± 1.85 10.93 ± 2.01 11.05 ± 1.76 t = 0.188 p = 0.426

Side (left/right; n) 7/8 7/8 - - -

Time from onset to PET, 

days ± SD

3.93 ± 1.83 3.93 ± 1.83 - - -

Degree of hearing loss 

(Severe/Extremely 

severe)

5/10 5/10 - - -

TABLE 10 Location and peaks of significant synaptic density reduction in SSNHL patients with ear fullness compared with that of HCs.

p (FWE 
corrected)

Cluster 
extent

Z-score Peak coordinates (x, y, z), 
mm

Lobe Cortical 
region

BA

0.000 13 4.46 34 50 −8 Right Frontal 

Lobe

Middle Frontal 

Gyrus

22 4.30 24 24 −16 Right Frontal 

Lobe

Inferior Frontal 

Gyrus

47

28 4.23 58 −24 −6 Right Temporal 

Lobe

Middle Temporal 

Gyrus

21

57 4.03 −32 −50 36 Left Parietal Lobe Sub-Gyral

29 3.60 −14 34 48 Left Frontal Lobe Medial Frontal 

Gyrus

42 3.44 −30 −30 48 Right Parietal 

Lobe

Sub-Gyral

BA, Brodmann area; FWE, familywise error; HC, healthy control.
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FIGURE 1

Clusters of synaptic change in SSNHL patients with ear fullness versus healthy controls (HCs). (A) The clusters of synaptic changes are shown on a 
three-dimensional brain template. The region of synaptic change displayed in red. (B) The clusters of synaptic changes are shown on a magnetic 
resonance imaging template. Low intake displayed in cool colors. Data were analysed at a height threshold of p  <  0.001 and were cluster-level 
corrected for familywise error at p  <  0.05.

parietal gyrus. Lee et al. (2003) showed that postlingually deaf patients 
had a relative reduction in fluorodeoxyglucose uptake in both anterior 
cingulate gyri [Brodmann area 24 (BA24)] and superior temporal 
cortices (BA41, BA42) and in the right parahippocampal gyrus. No 
area showed a significant increase in metabolism in deaf patients with 
the same threshold. Okuda et  al. (2013) showed that glucose 
metabolism in postlingual deaf patients was lower in the right superior 
temporal gyrus, both middle temporal gyri, left inferior temporal 
gyrus, right inferior lobulus parietalis, right posterior cingulate gyrus, 
and left insular cortex than that of the control subjects. This suggests 
that in the mature brain, auditory deprivation decreased neuronal 
activity transiently in primary auditory and auditory-related cortices, 
and, over time, functional reorganization likely takes place in the 
auditory cortex. This study showed that SSNHL patients with ear 

fullness had relatively low 18F-SynVesT-1 uptake in the right middle 
frontal gyrus, right inferior frontal gyrus, right middle temporal 
gyrus, bilateral parietal lobe sub-gyral and left medial frontal gyrus, 
as compared to that of HCs. There was no relatively high 
18F-SynVesT-1 uptake in the brain lesions of SSNHL patients with ear 
fullness. It was suggested that remodelling in synaptic density and 
intensity in the auditory cortex and surrounding related areas occur 
in the early stages of SSNHL, consistent with previous research. 
Cortical reorganization in patients with ear fullness is mainly 
manifested in the frontal lobes parietal lobes, and right middle 
temporal gyrus, in which the frontal lobe has extensive communication 
fibres related to memory, judgment, abstract thinking, speech 
expression, emotions and impulsive behaviour (Chayer and Freedman, 
2001). The right middle temporal gyrus is an important audiovisual 
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integration area, and it also plays a key role in language processing, 
cognition, emotion, and memory (Scheliga et al., 2023). The parietal 
lobe sub-gyral is an important multisensory integration area 
responsible for integrating information from different sensory systems 
(such as visual, auditory, and tactile; Kassuba et al., 2020). The parietal 
lobe sub-gyral contains the primary cortical somatosensory area, 
which helps to explain and perceive tactile input, pressure and 
perception of the weight, mass and composition of objects (Pellicer-
Morata et al., 2023). Therefore, following unilateral auditory hearing 
loss, there is a downregulation and reorganization of cortical neural 
inputs involved in auditory information integration and processing. 
The early reorganization of cortical function following unilateral 
hearing loss may have a broad impact on patients’ perception, 
cognition, and emotions. This may partially explain the appearance of 
ear fullness during the sudden impairment of unilateral auditory 
input. The reorganization of the cortical somatosensory area in the 
parietal lobe sub-gyral may affect the patient’s perception and 
understanding of tactile and pressure sensation information, 
“mistakenly” attributing auditory decline to ear fullness. Our research 
has found that ear fullness has a high rate of self-healing. In addition, 
the recovery rate of ear fullness after 1 month of treatment is 
significantly higher than that after 1 week of treatment. This suggests 
that the brain may have corrected this “erroneous cognition” in the 
later stage of cortical reorganization. This also tells us that for patients 
experiencing ear fullness after SSNHL, it is beneficial to allow a certain 
amount of time for self-recovery of the ear fullness. At the same time, 
informing patients of the clinical characteristics of ear fullness and its 
favorable prognosis can help alleviate their anxiety and other 
negative emotions.

Of course, our research also has certain limitations. Although 
the reorganization of cortical somatosensory regions in the early 
stage in patients with SSNHL and ear fullness may to some extent 
suggest potential changes in tactile and pressure perception. 
However, due to the limited sample size included, we were unable 
to compare patients with SSNHL without ear fullness separately 
from those with SSNHL and ear fullness to a healthy control 
group. We  are also unable to conduct comparative analysis of 
18F-SynVesT-1 uptake in these areas among different subtypes of 
sudden deafness patients. In addition, PET imaging can only 
provide static information and cannot observe dynamic changes 
in brain activity, limiting a deeper understanding of the 
relationship between ear fullness and brain remodeling. In the 
future, we  could further expand the sample size and combine 
techniques such as fMRI, high-density EEG, to explore cortical 
reorganization patterns in different subtypes of sudden deafness 
patients, as well as the dynamic correlation between ear fullness 
and cortical reorganization.

5 Conclusion

Our study shows three characteristics of ear fullness in patients 
with SSNHL. First, the occurrence of ear fullness is not related to the 
classification and grading of hearing loss, and the severity of ear 
fullness is related to the degree of hearing loss. Second, the recovery 
of ear fullness was better, and there was no correlation with the 

classification, severity and recovery of hearing loss. Third, the relative 
changes in 18F-SynVesT-1 uptake found in these brain regions in 
SSNHL highlight new aspects of cerebral rearrangement, which may 
explaining the appearance of ear fullness during the sudden 
impairment of unilateral auditory input.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by Institutional 
Review Board of Hunan Provincial People’s Hospital,China (201577, 
May 25, 2015). The studies were conducted in accordance with the 
local legislation and institutional requirements. The participants 
provided their written informed consent to participate in this study. 
Written informed consent was obtained from the individual(s) for the 
publication of any potentially identifiable images or data included in 
this article.

Author contributions

EZ: Conceptualization, Data curation, Funding acquisition, 
Writing – original draft, Writing – review & editing. XX: Visualization, 
Writing – review & editing, Investigation, Resources, 
Conceptualization, Project administration. BL: Investigation, 
Methodology, Resources, Writing – review & editing. ZT: 
Conceptualization, Project administration, Supervision, Visualization, 
Writing – review & editing. JZ: Investigation, Visualization, Writing 
– review & editing, Data curation, Software, Conceptualization.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This research 
was funded by the Scientific Research Program of Hunan Health 
Commission (grant number 202207023569), the Changsha Natural 
Science Foundation (grant number kq2208119), and the Natural 
Science Foundation of Hunan Province (grant number 2022JJ40845).

Acknowledgments

The authors thank all the participants for participating in this 
clinical trial.

https://doi.org/10.3389/fnmol.2024.1451226
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org


Zhou et al. 10.3389/fnmol.2024.1451226

Frontiers in Molecular Neuroscience 10 frontiersin.org

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnmol.2024.1451226/
full#supplementary-material

References
Carson, R. E., Naganawa, M., Toyonaga, T., Koohsari, S., Yang, Y., Chen, M. K., et al. 

(2022). Imaging of synaptic density in neurodegenerative disorders. J. Nucl. Med. 63, 
60S–67S. doi: 10.2967/jnumed.121.263201

Chayer, C., and Freedman, M. (2001). Frontal lobe functions. Curr. Neurol. Neurosci. 
Rep. 1, 547–552. doi: 10.1007/s11910-001-0060-4

Editorial Board of Chinese Journal of Otorhinolaryngology Head and Neck Surgery, 
Society of Otorhinolaryngology Head and Neck Surgery, Chinese Medical Association 
(2015). Guideline of diagnosis and treatment of sudden deafness (2015). Zhonghua Er 
Bi Yan Hou Tou Jing Wai Ke Za Zhi 50, 443–447

Finnema, S. J., Toyonaga, T., Detyniecki, K., Chen, M. K., Dias, M., Wang, Q., et al. 
(2020). Reduced synaptic vesicle protein 2a binding in temporal lobe epilepsy: a [(11) c]
ucb-j positron emission tomography study. Epilepsia 61, 2183–2193. doi: 10.1111/epi.16653

Kassuba, T., Pinsk, M. A., and Kastner, S. (2020). Distinct auditory and visual tool 
regions with multisensory response properties in human parietal cortex. Prog. Neurobiol. 
195:101889. doi: 10.1016/j.pneurobio.2020.101889

Lee, J. S., Lee, D. S., Oh, S. H., Kim, C. S., Kim, J. W., Hwang, C. H., et al. (2003). Pet 
evidence of neuroplasticity in adult auditory cortex of postlingual deafness. J. Nucl. Med. 
44, 1435–1439

Levo, H., Kentala, E., Rasku, J., and Pyykkö, I. (2014). Aural fullness in ménière's 
disease. Audiol. Neurootol. 19, 395–399. doi: 10.1159/000363211

Li, S., Cai, Z., Wu, X., Holden, D., Pracitto, R., Kapinos, M., et al. (2019). Synthesis and 
in vivo evaluation of a novel pet radiotracer for imaging of synaptic vesicle glycoprotein 
2a (sv2a) in nonhuman primates. ACS Chem. Neurosci. 10, 1544–1554. doi: 10.1021/
acschemneuro.8b00526

Micarelli, A., Chiaravalloti, A., Viziano, A., Danieli, R., Schillaci, O., and 
Alessandrini, M. (2017). Early cortical metabolic rearrangement related to clinical data 
in idiopathic sudden sensorineural hearing loss. Hear. Res. 350, 91–99. doi: 10.1016/j.
heares.2017.04.011

Mikkelsen, J. D., Kaad, S., Aripaka, S. S., and Finsen, B. (2023). Synaptic vesicle 
glycoprotein 2a (sv2a) levels in the cerebral cortex in patients with Alzheimer's disease: 
a radioligand binding study in postmortem brains. Neurobiol. Aging 129, 50–57. doi: 
10.1016/j.neurobiolaging.2023.05.003

Naganawa, M., Li, S., Nabulsi, N., Henry, S., Zheng, M. Q., Pracitto, R., et al. (2021). 
First-in-human evaluation of (18)f-synvest-1, a radioligand for pet imaging of synaptic 
vesicle glycoprotein 2a. J. Nucl. Med. 62, 561–567. doi: 10.2967/jnumed.120.249144

Okazaki, Y., Yoshida, T., Sugimoto, S., Teranishi, M., Kato, K., Naganawa, S., et al. 
(2017). Significance of endolymphatic hydrops in ears with unilateral sensorineural 
hearing loss. Otol. Neurotol. 38, 1076–1080. doi: 10.1097/MAO.0000000000001499

Okuda, T., Nagamachi, S., Ushisako, Y., and Tono, T. (2013). Glucose metabolism in 
the primary auditory cortex of postlingually deaf patients: an fdg-pet study. Orl-J. Oto-
Rhino-Laryngol. Head Neck Surg. 75, 342–349. doi: 10.1159/000357474

Park, M. S., Lee, H. Y., Kang, H. M., Ryu, E. W., Lee, S. K., and Yeo, S. G. (2012). 
Clinical manifestations of aural fullness. Yonsei Med. J. 53, 985–991. doi: 10.3349/
ymj.2012.53.5.985

Pellicer-Morata, V., Wang, L., Curry, A. J., Tsao, J. W., and Waters, R. S. (2023). Lower 
jaw-to-forepaw rapid and delayed reorganization in the rat forepaw barrel subfield in 
primary somatosensory cortex. J. Comp. Neurol. 531, 1651–1668. doi: 10.1002/cne.25523

Sakata, T., Esaki, Y., Yamano, T., Sueta, N., and Nakagawa, T. (2008). A comparison 
between the feeling of ear fullness and tinnitus in acute sensorineural hearing loss. Int. 
J. Audiol. 47, 134–140. doi: 10.1080/14992020701760547

Sakata, T., Higuchi, H., Ueno, T., and Nakagawa, T. (2012). Modulation of 
somatosensory abilities and the feeling of ear fullness in patients with acute sensorineural 
hearing loss. Auris Nasus Larynx 39, 265–269. doi: 10.1016/j.anl.2011.05.004

Sakata, T., and Kato, T. (2006). Feeling of ear fullness in acute sensorineural hearing 
loss. Acta Otolaryngol. 126, 828–833. doi: 10.1080/00016480500527268

Scheliga, S., Kellermann, T., Lampert, A., Rolke, R., Spehr, M., and Habel, U. (2023). 
Neural correlates of multisensory integration in the human brain: an ale meta-analysis. 
Rev. Neurosci. 34, 223–245. doi: 10.1515/revneuro-2022-0065

Smith, A. W. (1997). The world health organization's programme for the prevention 
of deafness and hearing impairment. Scand. Audiol. Suppl. 45, 11–14

Tang, Y., Yu, J., Zhou, M., Li, J., Long, T., Li, Y., et al. (2022). Cortical abnormalities of 
synaptic vesicle protein 2a in focal cortical dysplasia type ii identified in vivo with (18)
f-synvest-1 positron emission tomography imaging. Eur. J. Nucl. Med. Mol. Imaging 49, 
3482–3491. doi: 10.1007/s00259-021-05665-w

Tzourio-Mazoyer, N., Landeau, B., Papathanassiou, D., Crivello, F., Etard, O., 
Delcroix, N., et al. (2002). Automated anatomical labeling of activations in spm using a 
macroscopic anatomical parcellation of the mni mri single-subject brain. NeuroImage 
15, 273–289. doi: 10.1006/nimg.2001.0978

Verger, A., Roman, S., Chaudat, R. M., Felician, O., Ceccaldi, M., Didic, M., et al. (2017). 
Changes of metabolism and functional connectivity in late-onset deafness: evidence from 
cerebral (18)f-fdg-pet. Hear. Res. 353, 8–16. doi: 10.1016/j.heares.2017.07.011

Wang, Q., Chen, Q., Liu, P., Zhang, J., Zhou, L., and Peng, L. (2021). Functional 
magnetic resonance imaging reveals early connectivity changes in the auditory and 
vestibular cortices in idiopathic sudden sensorineural hearing loss with vertigo: a pilot 
study. Front. Hum. Neurosci. 15:719254. doi: 10.3389/fnhum.2021.719254

Wang, X., Liu, W., Xie, S., Ren, H., Yin, T., Ren, J., et al. (2015). Clinical multi-center 
study on the treatment of sudden sensorineural hearing loss accompanied with feeling 
of ear fullness. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi 50, 458–462

Zeng, C., Yang, Z., Shreve, L., Bledsoe, S., and Shore, S. (2012). Somatosensory 
projections to cochlear nucleus are upregulated after unilateral deafness. J. Neurosci. 32, 
15791–15801. doi: 10.1523/JNEUROSCI.2598-12.2012

Zhai, F., Zhang, R., Zhang, T., Steyger, P. S., and Dai, C. F. (2013). Preclinical and 
clinical studies of unrelieved aural fullness following intratympanic gentamicin injection 
in patients with intractable ménière's disease. Audiol. Neurootol. 18, 297–306. doi: 
10.1159/000351805

Zheng, Y. X., Liu, A. G., Wang, X. L., Hu, Y., Zhang, Y. F., and Peng, L. Y. (2019). The 
role of endolymphatic hydrops in patients with pantonal idiopathic sudden sensorineural 
hearing loss: a cause or secondary reaction. Curr. Med. Sci. 39, 972–977. doi: 10.1007/
s11596-019-2130-3

Zhou, E., Xiao, X. P., Liu, B., Tan, Z. Q., Miao, G. Y., Liu, X. B., et al. (2021). Ear fullness 
characteristics and prognosis in patients with all-frequency sudden sensorineural 
hearing loss. J. Laryngol. Otol. 135, 926–931. doi: 10.1017/S0022215121002206

https://doi.org/10.3389/fnmol.2024.1451226
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnmol.2024.1451226/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnmol.2024.1451226/full#supplementary-material
https://doi.org/10.2967/jnumed.121.263201
https://doi.org/10.1007/s11910-001-0060-4
https://doi.org/10.1111/epi.16653
https://doi.org/10.1016/j.pneurobio.2020.101889
https://doi.org/10.1159/000363211
https://doi.org/10.1021/acschemneuro.8b00526
https://doi.org/10.1021/acschemneuro.8b00526
https://doi.org/10.1016/j.heares.2017.04.011
https://doi.org/10.1016/j.heares.2017.04.011
https://doi.org/10.1016/j.neurobiolaging.2023.05.003
https://doi.org/10.2967/jnumed.120.249144
https://doi.org/10.1097/MAO.0000000000001499
https://doi.org/10.1159/000357474
https://doi.org/10.3349/ymj.2012.53.5.985
https://doi.org/10.3349/ymj.2012.53.5.985
https://doi.org/10.1002/cne.25523
https://doi.org/10.1080/14992020701760547
https://doi.org/10.1016/j.anl.2011.05.004
https://doi.org/10.1080/00016480500527268
https://doi.org/10.1515/revneuro-2022-0065
https://doi.org/10.1007/s00259-021-05665-w
https://doi.org/10.1006/nimg.2001.0978
https://doi.org/10.1016/j.heares.2017.07.011
https://doi.org/10.3389/fnhum.2021.719254
https://doi.org/10.1523/JNEUROSCI.2598-12.2012
https://doi.org/10.1159/000351805
https://doi.org/10.1007/s11596-019-2130-3
https://doi.org/10.1007/s11596-019-2130-3
https://doi.org/10.1017/S0022215121002206

	Characteristics of ear fullness and synaptic loss in ear fullness revealed by SV2A positron emission tomographycortical
	1 Introduction
	2 Materials and methods
	2.1 Inclusion and exclusion criteria
	2.2 Follow-up
	2.3 Examination and treatment
	2.4 PET imaging and data analysis
	2.5 Grades of hearing loss and efficacy evaluation
	2.6 Grades of ear fullness and efficacy evaluation
	2.7 Clinical data analysis

	3 Results
	3.1 Patient information
	3.2 Relationship between the grade of ear fullness and degree of hearing loss
	3.3 Relationship between hearing recovery and ear fullness
	3.4 Relationship between recovery of ear fullness and hearing loss
	3.5 Synaptic density changes in SSNHL patients with ear fullness
	3.5.1 Demographic and clinical features of subjects
	3.5.2 Synaptic density changes

	4 Discussion
	5 Conclusion

	 References

