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ORIGINAL RESEARCH
HEAD & NECK

Imaging Parameters of the Ipsilateral Medial Geniculate
Body May Predict Prognosis of Patients with Idiopathic

Unilateral Sudden Sensorineural Hearing Loss on the Basis of
Diffusion Spectrum Imaging

Y. Zhang, Z. Zhang, X. Jia, X. Guan, Y. Lyu, J. Yang, and T. Jiang

ABSTRACT

BACKGROUND AND PURPOSE: Idiopathic sudden sensorineural hearing loss is an acute unexplained onset of hearing loss. We
examined the central auditory pathway abnormalities in patients with unilateral idiopathic sudden sensorineural hearing loss using
diffusion spectrum imaging and the relationships between hearing recovery and diffusion spectrum imaging parameters.

MATERIALS AND METHODS: Forty-eight patients with unilateral idiopathic sudden sensorineural hearing loss with a duration of #2weeks
(range, 8.9 6 4.3 days) and 20 healthy subjects underwent diffusion spectrum imaging tractography. Hearing levels were evaluated using a
pure-tone average at initial presentation and 3-month follow-up. Clinical characteristics and MR imaging findings were assessed.

RESULTS: Compared with healthy control subjects, the generalized fractional anisotropy values of patients decreased significantly
in the bilateral posterior limbs of the internal capsule, with no differences between the ipsilateral and contralateral sides. The
quantitative anisotropy values decreased in the Brodmann area 41, contralateral medial geniculate body, bilateral lateral lemniscus,
anterior limb of internal capsule, middle temporal gyrus, and anterior corona radiata. Furthermore, at 3-month follow-up, 14
patients had ,15 dB of hearing gain. Receiver operating characteristic curve analysis demonstrated that generalized fractional ani-
sotropy in the ipsilateral medial geniculate body was related to prognosis (sensitivity ¼ 64.7%; specificity ¼ 85.7%; area under the
curve ¼ 0.796, 95% CI, 0.661–0.931; P, .01).

CONCLUSIONS: Diffusion spectrum imaging can detect abnormalities of white matter microstructure along the central auditory
pathway in patients with unilateral idiopathic sudden sensorineural hearing loss. The generalized fractional anisotropy value of the
ipsilateral medial geniculate body may help to predict recovery outcomes.

ABBREVIATIONS: DSI ¼ diffusion spectrum imaging; FA ¼ fractional anisotropy; GFA ¼ generalized fractional anisotropy; ISSHL ¼ idiopathic sudden sensor-
ineural hearing loss; MGB ¼ medial geniculate body; QA ¼ quantitative anisotropy

Hearing plays a crucial role in communication with the out-
side world. Idiopathic sudden sensorineural hearing loss

(ISSHL) is an acute unexplained onset of hearing loss from a
cochlear or retrocochlear origin.1,2 Sudden sensorineural hear-
ing loss affects approximately 5�27 per 100,000 people

annually, and the incidence has increased across recent deca-
des.3,4 Viral infections, cochlear ischemia, autoimmune proc-
esses, and metabolic derangement have been proposed as
potential etiologies. Treatment options include steroids and
other medications, hyperbaric oxygen therapy, and other com-
plementary and alternative treatments. However, selection of
treatments may be difficult due to the variety of possible etiol-
ogies.2 Additionally, the hearing prognosis in individual cases
is quite uncertain.

High-resolution MR imaging can detect the pathologic changes
in the inner ear and the cochlea, providing new insights into the eti-
ology of ISSHL.5 A number of studies have examined the prognos-
tic value of white matter abnormalities in hearing loss using T2WI
or FLAIR sequences with conflicting results.6,7 White matter micro-
structural changes along the auditory pathway have not been well-
evaluated, but DTI is becoming a method to study the central audi-
tory pathways.8,9 DTI is sensitive to the highly directional structure
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of white matter, which can reflect the structural or functional
changes of white matter. Fractional anisotropy (FA), as a DTI pa-
rameter, is considered a marker of fiber tract integrity. On the basis
of a recent systematic review, white matter changes can be detected
by DTI in patients with sensorineural hearing loss.10 However, DTI
needs larger sample sizes for standardization, and the spatial resolu-
tion limits the further use of DTI in the auditory pathway. By con-
trast, diffusion spectrum imaging (DSI) generalizes DTI by
acquiring more directions in q-space, either by high-angular-resolu-
tion diffusion imaging shells, a cube on a Cartesian grid, or Q-ball
imaging.11 Also compared with DTI, DSI can provide a better esti-
mate of areas of crossing or kissing fibers, demyelination, and axo-
nal remodeling.12

The aim of the present study was to investigate the value of
DSI in detecting microstructural abnormalities of the central au-
ditory pathway in patients with ISSHL and to assess the correla-
tions between clinical outcomes and DSI parameters.

MATERIALS AND METHODS
Subjects
The study included 48 patients with unilateral ISSHL. The duration
was#2weeks with mild-to-profound hearing loss. All subjects were
inpatients between January 2018 and October 2019 and were diag-
nosed by an otolaryngologist. The inclusion criteria were as follows:
the presence of an unexplained unilateral sensorineural hearing loss
of $30dB in at least 3 contiguous audiometric frequencies that
developed within 3days. The exclusion criteria were as follows: 1) a
history of Ménière disease, otitis media, or cholesteatoma; 2) history
of cerebral infarction; 3) existing anatomic abnormality of the inner
ear and auditory pathway; 4) previous otologic surgery; 5) systemic
ototoxic drug therapy; 6) images with motion artifacts or patients
who cannot tolerate MR imaging; and 7) failure to obtain a 3-month
follow-up. As healthy controls, 20 subjects with normal hearing (10
women, 10 men) without a history of neurologic disorders were
recruited. This clinical study was approved by the ethics committee
of Beijing Chaoyang Hospital, Capital Medical University (assur-
ance No. 2016�88). Written informed consent was obtained before
the examination.

Clinical Characteristics and Audiologic Evaluation
The demographic data and medical history of patients were col-
lected. Pure-tone audiometry was evaluated at initial presentation
and at 3-month follow-up. The pure-tone average was calculated
as the average at 250, 500, 1000, 2000, 4000, and 8000Hz. The se-
verity of hearing loss was graded by the pure-tone average as fol-
lows: mild (#40dB), moderate (41�70dB), severe (71�90dB), or
profound ($91dB) hearing loss. The audiogram shapes were clas-
sified into 4 subtypes: low-frequency type, high-frequency type, flat
type, and profound type.13

Hearing recovery was classified according to the Siegel crite-
ria, as follows:1 1) healing: final hearing level of#25 dB; 2) partial
recovery: hearing gain of $15 dB and final hearing level of 25–
45 dB; 3) slight recovery: hearing gain of $15dB and final hear-
ing level of $45dB; and 4) no response: hearing gain of ,15 dB
or a final hearing threshold of.75dB. Healing, partial, and slight
recoveries were considered improvement.

Treatment Process
All patients with ISSHL were treated with the same protocol.
Systemic steroid therapy was administered to each patient,
involving 1mg/kg/day (maximum, 60mg) of oral prednisolone
for the first 5�6 days.13 Hyperbaric oxygen therapy was initiated
within 14 days of onset and applied at a pressure of 2.0 atm for
60minutes once daily. The use of other medicine was in accord-
ance with the guidelines of the Chinese Medical Association of
Otorhinolaryngology, Head and Neck Surgery.13

Image Acquisition and Processing
MR imaging was performed with a 3T Magnetom Prisma scanner
(Siemens) using a 64-channel head coil. For structural MR imaging
scans for anatomic reference, high-resolution anatomic MR imaging
was performed using T1W1 with a rapid-acquisition gradient-echo.
The details of the scan parameters are as follows: TE¼ 2.27ms,
TR¼ 2300ms, flip angle¼ 8°, layer number¼ 208, voxel¼
1.0� 1.0� 1.0mm, and FOV¼ 256� 256mm. DSI data were col-
lected using a twice-refocused spin-echo EPI sequence and multiple
q-values (TE¼ 79ms, TR¼ 7200ms, FOV¼ 220� 220mm, voxel
size¼ 2.2� 2.2� 2.2mm3, b maximum ¼ 3000 s/mm2, and 257
directions for a scan time of 15minutes) as previously described.14

For DSI data reconstruction, the study used a generalized q-sam-
pling imaging reconstruction of the orientation distribution func-
tions (discrete sampling direction¼ 362, average diffusion
distance¼ 1.2mm) as previously reported.11 The space-normaliza-
tion method was used in the CSF calibration to determine the loca-
tion of CSF and to unify the diffusion amount relative to CSF as
free-water diffusion.

Fiber tracking was conducted using DSIStudio (Johns Hopkins
University). ROIs were selected in the auditory neural pathway,
including the superior olivary nucleus, inferior colliculus, lateral
lemniscus, medial geniculate bodies (MGB), anterior limb of the
internal capsule, posterior limb of the internal capsule, Heschl
gyrus, superior temporal gyrus, middle temporal and inferior
temporal gyri, anterior corona radiata, posterior corona radiata,
auditory radiation, and Brodmann areas 41 and 42. Fiber tractog-
raphy was performed in multifiber orientations (step size in each
orientation¼ 1.0mm, minimum fiber length¼ 20mm, turning-
angle threshold¼ 60°), as reported.15 The same method was
adopted to determine the next moving direction if multiple fiber
orientations existed, which involved the fiber orientation nearest to
the incoming direction and a turning angle of ,60°. The next
moving directional estimate of each voxel was weighted by 20% of
the previous incoming direction and 80% of the nearest fiber ori-
entation, to smooth the tracks. This process was repeated until the
quantified anisotropy (QA) of the fiber orientation was below the
preset threshold (range, 0.13�0.17 depending on controls) or no
fiber extended in the 60°-angle range. The image was standard-
ized to match and correct the diffusion image in the Montreal
Neurological Institute anatomic template.16 An optical fiber-
tracking algorithm based on Streamline Tracking Technique
(https://www.mathworks.com/matlabcentral/fileexchange/34008-dti-
fiber-tractography-streamline-tracking-technique) was then imple-
mented, and the QA and generalized fractional anisotropy (GFA)
parameters of each ROI were obtained by DSIStudio software.
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Statistical Analysis
All statistical analyses were performed using statistical software
(SPSS, Version 26.0; IBM). Quantitative data are described as
mean 6 SD. Categoric data are presented as frequencies. On the
basis of data distribution, the Student t test or Mann-Whitney U
test was used to compare means between the 2 groups, the paired-t
test or Wilcoxon matched-pairs signed rank test was used to com-
pare DSI parameters between both sides in the same subjects, and
a 1-way ANOVA or the Kruskal-Wallis rank sum test was used to
compare DSI parameters between both sides of patients with those
in the healthy control group. Bonferroni correction for multiple
testing was applied with a significance level of P, .05/N (N equals
the number of ROIs). The x 2 test was used to compare categoric
data. Receiver operating characteristic curves were plotted; then,
the optimum cutoff points of GFA and QA were determined. The
area under the curve was used as an estimation of diagnostic accu-
racy. A value of P, .05 was considered statistically significant.

RESULTS
Demographic and Audiometric Data
The demographic data, medical comorbidities, and audiometric char-
acteristics are summarized in Table 1. In total, there were 48 patients
with unilateral ISSHL, including 25 (52.1%) men and 23 (47.9%)
women, with a mean age of 52.3 6 10.8years (range, 23�68years).

The mean duration between the onset of
ISSHL and MR imaging was 8.9 6

4.3days (range, 1�14days). The ISSHL
was left-sided in 29 (60.4%) cases, while
there were 19 (39.6%) right-sided cases.
Hypertension (35.4%) was the most
common medical comorbidity, followed
by hyperlipidemia (31.2%) and type 2 di-
abetes (20.8%). The mean pure-tone av-
erage at onset presentation was 64.3 6

25.6dB (range, 30�110dB), of which
severe hearing loss (37.5%) was the most
common finding, followed by mild
(31.3%), extremely severe (18.7%), and
moderate (12.5%) hearing loss. The
audiogram shape was a low-frequency
type in 20.8% of patients, a high-fre-
quency type in 22.9%, a flat type in
29.2%, and a profound type in 27.1%.

On the basis of the hearing recovery
at the end of the 3-month follow-up pe-
riod, 48 patients were further divided into
2 groups: an improvement group (hear-
ing gain of $15dB, n¼ 34) and nonim-
provement group (,15 dB of hearing
gain, n¼ 14). However, there were no
obvious differences in the above demo-
graphic and audiometric characteristics
between the groups (Table 1).

Characteristics of DSI Parameter
Changes in Unilateral ISSHL

The DSI parameters (GFA, QA) of 20 healthy, age-matched control
subjects (range, 27–60years of age; mean age, 47.9 6 12.5 years;
P¼ .089) are shown in Table 2. There were no obvious differences
in DSI parameters between the left and right sides of healthy sub-
jects in any of the 13 ROIs. Therefore, a mean value of the left and
right sides for each healthy subject in each of the ROIs was used for
comparison with patients with unilateral ISSHL.

Differences in DSI Parameters between Patients with
Unilateral ISSHL and Healthy Subjects
The DSI tractography parameters of patients with unilateral
ISSHL and healthy subjects, including QA and GFA for each
ROI, are shown in Tables 3 and 4.

Compared with the heathy control group, the GFA values of
patients with unilateral ISSHL significantly decreased only in the
bilateral posterior limb of the internal capsule (P, .01, P, .05
after Bonferroni correction). In addition, there was no obvious
difference between the ipsilateral and contralateral sides.

The QA values significantly decreased in Brodmann area 41, the
contralateral MGB, bilateral lateral lemniscus, anterior limb of the
internal capsule, middle temporal gyrus, and anterior corona radiata
compared with the healthy control subjects (P, .01, P, .05 after
Bonferroni correction). Furthermore, obvious differences between
the ipsilateral and contralateral sides were found in none of the
above sites.

Table 1: Demographic data, medical comorbidities, and audiometric characteristics

Study Characteristics
All Patients
(n= 48)

Outcome
P

Value
Nonimprovement
Group (n= 14)

Improvement
Group (n= 34)

Sex (%)
Male 25 (52.1) 7 (28.0) 18 (72.0) .85
Female 23 (47.9) 7 (30.4) 16 (69.6)

Hypertension (%)
Yes 17 (35.4) 5 (29.4) 12 (70.6) .97
No 31 (64.6) 9 (29.0) 22 (71.0)

Type 2 diabetes (%)
Yes 10 (20.8) 2 (20.0) 8 (80.0) .47
No 38 (79.2) 12 (31.6) 26 (68.4)

Hyperlipidemia (%)
Yes 15 (31.2) 4 (26.7) 11 (73.3) .79
No 33 (68.8) 10 (26.3) 23 (69.7)

Affected ear (%)
Left 29 (60.4) 7 (24.1) 22 (75.9) .34
Right 19 (39.6) 7 (36.8) 12 (63.2)

Age (mean 6 SD) (yr) 52.3 6 10.8 53.5 6 11.7 51.88 6 10.5 .64
Duration (mean 6 SD)
(day)

8.9 6 4.3 10.2 6 5.0 8.4 6 3.9 .17

PTA (mean 6 SD) (dB) 64.3 6 25.6 59.5 6 26.1 75.93 6 20.7 .10
Audiogram shape (%)
Low-frequency 10 (20.8) 1 (10.0) 9 (90.0) .45
High-frequency 11 (22.9) 4 (36.4) 7 (63.6)
Flat 14 (29.2) 4 (28.6) 10 (71.4)
Profound 13 (27.1) 5 (38.5) 8 (61.5)

Hearing loss severity
based on PTA (%)
Mild (40 dB) 15 (31.3) 1 (6.7) 14 (93.3) .12
Moderate (41–60 dB) 6 (12.5) 3 (50.0) 3 (50.0)
Severe (61–90 dB) 18 (37.5) 7 (38.9) 11 (61.1)
Profound ($91 dB) 9 (18.7) 3 (33.3) 6 (66.7)

Note:—PTA indicates pure-tone average.
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Differences in QA and GFA between Both Sides of the
Same Patient
This study also compared these DSI parameters between both sides
of each patient in the different outcome groups (Online Table). In
the nonimprovement group, neither GFA nor QA values were dif-
ferent on either side of each patient. By contrast, in the improvement

group, the GFA values of the ipsilateral MGB and lateral lemniscus
were significantly higher than the contralateral parameters of the
same patient (P, .05 after Bonferroni correction).

Prognostic Value of DSI Parameters
The prognostic values of QA and GFA in the different ROIs are

shown in the Online Table. Compared
with the nonimprovement group, the
GFA value of the ipsilateral MGB was
higher in the improvement group
(P, .05 after Bonferroni correction).
The fiber-tracking image of MGB is
shown in Fig 1. According to receiver
operating characteristic curves, the
GFA of the ipsilateral MGB had a cut-
off point of 0.0967 based on the
Youden Index, an area under the
curve of 0.796 (95% CI, 0.661–0.931;
P¼ .001), sensitivity of 64.7%, and
specificity of 85.7% (Fig 2).

DISCUSSION
In humans, the primary acoustic cir-
cuit is made up of the auditory nerve,
brain stem, thalamus, and auditory
cortex. In the cochlea, sound is trans-
duced into a neural signal and then
travels via the cochlear nerve to a syn-
apse at the dorsal and ventral cochlear
nuclei in the medulla oblongata. Then,
the fibers project to the ipsilateral
superior olivary nucleus or decussate
to the contralateral superior olivary
nucleus. Fibers further ascend to the
inferior colliculus in the midbrain via
the lateral lemniscus and subsequently

Table 2: Characteristics of diffusion spectrum imaging parameters in healthy subjectsa

ROIs Parameters Left Side Right Side
P

Value
Superior olivary nucleus QA 0.6725 6 0.0783 0.6584 6 0.0910 .55

GFA 0.0902 6 0.0062 0.0896 6 0.0081 .64
Inferior colliculus QA 0.6531 6 0.0800 0.6463 6 0.0827 .76

GFA 0.0936 6 0.0052 0.0943 6 0.0055 .41
Medial geniculate body QA 0.6324 6 0.0814 0.6327 6 0.0923 .98

GFA 0.0990 6 0.0083 0.0968 6 0.0077 .26
Lateral lemniscus QA 0.6530 6 0.0815 0.6486 6 0.0687 .83

GFA 0.0930 6 0.0088 0.0925 6 0.0055 .76
Anterior limb of internal
capsule

QA 0.5717 6 0.0754 0.5871 6 0.0754 .45
GFA 0.0853 6 0.0053 0.0877 6 0.0044 .08

Posterior limb of internal
capsule

QA 0.6947 6 0.0635 0.6907 6 0.0551 .81
GFA 0.1046 6 0.0035 0.1046 6 0.0027 .97

Heschl QA 0.6054 6 0.0916 0.5792 6 0.0763 .27
GFA 0.0882 6 0.0074 0.0831 6 0.0141 .18

Superior temporal gyrus QA 0.5974 6 0.0762 0.5941 6 0.0731 .87
GFA 0.0928 6 0.0042 0.0912 6 0.0037 .09

Middle temporal gyrus QA 0.6020 6 0.0752 0.6064 6 0.0720 .83
GFA 0.0935 6 0.0033 0.0929 6 0.0029 .46

Inferior temporal gyrus QA 0.5594 6 0.0661 0.5731 6 0.0686 .47
GFA 0.0849 6 0.0079 0.0871 6 0.0069 .06

Anterior corona radiata QA 0.5868 6 0.0717 0.5711 6 0.0638 .41
GFA 0.0951 6 0.0044 0.0937 6 0.0039 .06

Posterior corona radiata QA 0.7172 6 0.0814 0.7081 6 0.0785 .68
GFA 0.1135 6 0.0071 0.1126 6 0.0077 .36

Auditory radiation QA 0.6727 6 0.0783 0.6617 6 0.0827 .62
GFA 0.1021 6 0.0061 0.1010 6 0.0070 .49

Brodmann area 41 QA 0.6350 6 0.0790
GFA 0.0960 6 0.0034

Brodmann area 42 QA 0.5483 6 0.0793
GFA 0.0831 6 0.0090

a Data are mean 6 SD.

Table 3: Differences in GFA between patients with unilateral ISSHL (hearing loss ipsilateral side and contralateral side) and healthy
subjectsa

ROIs

Patients with Unilateral ISSHL
Healthy Controls

(n= 20)
P

Value
Hearing Loss Ipsilateral Side

(n= 48)
Hearing Loss Contralateral Side

(n= 48)
Superior olivary nucleus 0.0898 6 0.0142 0.0922 6 0.0163 0.08993 6 0.0066 .69
Inferior colliculus 0.0951 6 0.0090 0.0948 6 0.0067 0.0939 6 0.0050 .84
Medial geniculate body 0.0963 6 0.0116 0.0940 6 0.0098 0.0979 6 0.0067 .31
Lateral lemniscus 0.0951 6 0.0084 0.0911 6 0092 0.0928 6 0.0061 .07
Anterior limb of internal capsule 0.0816 6 0.0068 0.0815 6 0.0071 0.0865 6 0.0038 .01
Posterior limb of internal capsule 0.0984 6 0.0073c 0.0997 6 0.0051b 0.1046 6 0.0026 .001
Heschl 0.0829 6 0.0228 0.0842 6 0.0140 0.0857 6 0.0078 .83
Superior temporal gyrus 0.0894 6 0.0070 0.0892 6 0.0079 0.0920 6 0.0034 .28
Middle temporal gyrus 0.0920 6 0.0057 0.0907 6 0.0061 0.0932 6 0.0026 .20
Inferior temporal gyrus 0.0850 6 0.0084 0.0850 6 0.0071 0.0859 6 0.0064 .89
Anterior corona radiata 0.0884 6 0.0075 0.0881 6 0.0076 0.0941 6 0.0039 .005
Posterior corona radiata 0.1084 6 0.0093 0.1079 6 0.0091 0.1131 6 0.0071 .08
Auditory radiation 0.0997 6 0.0089 0.0992 6 0.0093 0.1015 6 0.0057 .61
Brodmann area 41 0.0950 6 0.0074 0.0960 6 0.0034 .47
Brodmann area 42 0.0812 6 0.0085 0.0831 6 0.0090 .41

a Data are mean 6 SD.
b Compared with the control group, P, .05 after Bonferroni correction.
c Compared with the control group, P, .01 after Bonferroni correction.
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project to the MGB in the thalamus. Finally, the acoustic radia-
tion from the MGB transmits the auditory information to the
temporal cortex through the internal capsule.17

Most studies examining white matter microstructure in sen-

sorineural hearing loss have focused on long-term patients, and

the auditory cortex, inferior colliculus, and lateral lemniscus are

the most widely studied regions using DTI.10 Some DTI studies

have focused on only the lateral lemniscus and inferior colliculus

because the 2 sides are more distinguishable along the auditory

pathway.8 In these regions, the auditory nerve fibers are predomi-

nantly oriented vertically, while other regions including the coch-

lear nuclei, superior olivary body, and MGB contain longitudinal,

transverse, and oblique fibers, leading to poor spatial resolution

and signal-to-noise ratio.8,17,18 By contrast, DSI was reported to

have the highest sensitivity for detecting crossing fibers compared

with DTI and diffusional kurtosis imaging.19 Therefore, in this

study, we chose DSI to detect microstructural abnormalities along

the central auditory pathway and to assess the correlations of

clinical outcomes with DSI parameters.
An observed decrease in FA is likely attributed to axonal loss

and/or demyelination.18 GFA, as the SD of diffusion directions
within a voxel, is the parameter of DSI simulation of FA deriving
from DTI.12 QA is an anisotropy index similar to FA, but it is cal-

culated for each orientation-distribution function peak in each
voxel.20 The decrease of QA and GFA both can reflect the dam-
age to white matter, just like FA.

A major finding of this study was the prognostic value of GFA
in the ipsilateral MGB. In addition, the QA value decreased on
the contralateral side of the MGB. A relationship between QA
reduction of the contralateral MGB and the severity of hearing
loss was found in our previous research.21 The MGB plays a cen-
tral role in auditory processing. It is the efferent and afferent
tracts to the primary auditory cortex, responsible for the complex
perception of sounds.22 Huang et al23 also reported that FA in the
MGB is a valuable predictive biomarker of cochlear implantation

outcome. This report confirmed that MGB may have predictive
value in the process of hearing rehabilitation.

Given that 70%�80% of the fibers cross to the contralateral
side, and only 20%�30%, to the ipsilateral side, how does GFA of
the ipsilateral MGB affect prognosis? In the improvement group,
GFA of the ipsilateral MGB was significantly higher than that of
the contralateral side of the same patient, while there were no dif-
ferences between the ipsilateral and contralateral sides of each
patient in the nonimprovement group. These data suggest that
the ipsilateral side of nerve fiber integrity was better in patients
with good prognosis. Langers et al24 found that the stimulation to
deaf ears of patients with unilateral hearing loss can cause weak
responses in the MGB, and these responses were strongest ipsilat-
eral to the deaf side. In contrast, the response of the MGB to stim-
ulation was dominantly contralateral in the subjects with normal
hearing. Thus, speculatively, ipsilateral compensation may have
occurred because of the contralateral injury. The better ipsilateral
fiber integrity is conducive to the transmission of nerve impulses,
which may improve the prognosis. Further studies are required
to confirm the mechanism of hearing recovery in patients with
unilateral ISSHL. Yang et al25 also reported that the decreased
hearing level of the opposite ear was a poor prognostic factor in
elderly patients with unilateral sensorineural hearing loss. This
effect of the opposite ear on prognosis may also explain why bet-
ter fiber integrity of the hearing loss on the ipsilateral side was
associated with better prognosis. This finding is because 70%�
80% of the fibers of the opposite ear cross over to the hearing loss
on the ipsilateral side.

Prognostic factors for ISSHL have been reported in several stud-
ies, including age, degree of hearing loss, shape of the audiogram,
duration between the onset of hearing loss and treatment, and com-
plications such as hypertension and hyperlipidemia, of which the
severity of the initial hearing loss is considered the most impor-
tant.26 By contrast, we found no differences in the above indices
between patients with different hearing outcomes. Only 6 (12.5%)
cases of moderate hearing loss were observed in the present study

Table 4: Differences in QA between patients with unilateral ISSHL (hearing loss ipsilateral side and contralateral side) and healthy
subjectsa

ROIs

Patients with Unilateral ISSHL
Healthy Controls

(n= 20)
P

Value
Hearing Loss Ipsilateral Side

(n = 48)
Hearing Loss Contralateral Side

(n= 48)
Superior olivary nucleus 0.5883 6 0.1047 0.6058 6 0.0989 0.6578 6 0.0852 .04
Inferior colliculus 0.6006 6 0.0844 0.5949 6 0.0787 0.6463 6 0.0860 .06
Medial geniculate body 0.5607 6 0.0949 0.5395 6 0.0876b 0.6309 6 0.0883 .001
Lateral lemniscus 0.5986 6 0.0903c 0.5588 6 0.1002b 0.6527 6 0.0714 .001
Anterior limb of internal capsule 0.4798 6 0.0778b 0.4825 6 0.0868b 0.5799 6 0.0646 ,.001
Posterior limb of internal capsule 0.6264 6 0.1115 0.6342 6 0.0974 0.6895 6 0.0585 .04
Heschl 0.4931 6 0.1452 0.5029 6 0.1011 0.5840 6 0.0799 .01
Superior temporal gyrus 0.5249 6 0.0812 0.5266 6 0.0820 0.5918 6 0.0759 .005
Middle temporal gyrus 0.5421 6 0.0732c 0.5345 6 0.0730c 0.6026 6 0.0780 .002
Inferior temporal gyrus 0.4969 6 0.0659 0.4852 6 0.0914 0.5639 6 0.0674 .001
Anterior corona radiata 0.5000 6 0.0691b 0.4985 6 0.0676b 0.0580 6 0.0739 ,.001
Posterior corona radiata 0.6537 6 0.0988 0.6484 6 0.0916 0.7148 6 0.0837 .02
Auditory radiation 0.5950 6 0.0848 0.5948 6 0.0860 0.6607 6 0.0819 .008
Brodmann area 41 0.5515 6 0.1041c 0.6303 6 0.0850 .002
Brodmann area 42 0.4792 6 0.0756 0.5421 6 0.0860 .004

a Data are mean 6 SD.
b Compared with the control group, P, .01 after Bonferroni correction.
c Compared with the control group, P, .05 after Bonferroni correction.
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(less than the other 3 severities), which may partially explain the ab-
sence of effects of hearing loss on prognosis.

This study also showed a decrease of QA value in the lateral
lemniscus. However, differing from some previous studies, this
study failed to find changes in the inferior colliculus. For example,
Wu et al18 reported significant differences of FA in both the lateral
lemniscus and inferior colliculus of patients with sensorineural
hearing loss, while Lin et al17 reported an inverse relationship
between the severity of hearing impairment and FA values in those
2 sites. Lee et al27 found greater differences in the inferior colliculus
(the site of convergence for input from multiple lower auditory
nuclei) compared with the lateral colliculus, suggesting increased

sensitivity of the inferior colliculus to injury. Furthermore,
Chang et al9 thought that the inferior colliculus was the most
common region of the central auditory pathway showing a
reduced FA. Nevertheless, in that study, FA of the inferior colli-
culus decreased in all 8 patients with bilateral hearing loss, but
in only 1 of 2 patients with unilateral hearing loss. By contrast,
in a study focused on patients with hearing loss with chronic
tinnitus, Husain et al28 found no change in FA in those 2 sites.
Most interesting, in a DTI study examining the effect of disease
duration on the central auditory nerve fibers in patients with
ISSHL, there was no change in the DTI index of those 2 sites
with a duration of ,1week, while significant changes were
found in patients with a duration of .2 years.8 Thus, we specu-
lated that the duration of hearing loss may impact the structural
changes in the auditory pathways because of compensation.
Overall, these data suggest that unilateral or bilateral hearing
loss and different durations may explain, at least in part, our
contrasting findings in the inferior colliculus.

Consistent with our results, Shang et al29 found a reduction
of DTI parameters in the anterior and posterior limbs of the in-
ternal capsule, the middle temporal gyrus, and the anterior co-
rona radiata in unilateral deafness. They thought axonal
demyelination was the main mechanism of structural change.
Lexical/semantic processing requires input from the middle
temporal gyrus. In addition to our finding of bilateral white
matter damage, Fan et al30 found a decrease of gray matter in

FIG 1. Fiber tractography of the MGB from diffusion spectrum imaging: A, Axial. B, Coronal. C, Sagittal. ROIs on the QA map: D, Axial. E, Coronal.
F, Sagittal. RhMGN indicates Right MGB; LhMGN, Left MGB.

FIG 2. The receiver operating characteristic curves of GFA in the ipsi-
lateral MGB. AUC indicates area under the curve.
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the contralateral middle temporal gyrus of patients with hearing
loss. Husain et al28 also found decreased FA values in the inter-
nal capsule. The internal capsule is important to auditory func-
tion because it contains most of the afferent auditory fibers that
enter the cortical area. Most auditory fibers are located in the
posterior limb of the internal capsule. The anterior limb of the
internal capsule is related to cognitive function because it con-
nects the thalamus and prefrontal cortex, conveying cognition
fibers.31 A study of patients with tinnitus also showed that the
anterior corona radiation is one of the most changed areas in
white matter.32 These above results indicate that we need to pay
more attention to cognitive function and tinnitus in future
research of ISSHL.

Finally, this study also found that QA decreased in Brodmann
Area 41. Brodmann Area 41 is the primary auditory area. The
results suggested that the short-term course of disease may al-
ready have affected the structural changes in the auditory area.
However, changes in this area have not been reported in previous
DTI studies in patients with ISSHL; these changes need further
research and verification.

There were several limitations in our study. The patients were
enrolled from a single institution, and the data were analyzed ret-
rospectively. Furthermore, all patients received the same treat-
ment strategy. Thus, we were unable to compare the effects of
different treatment strategies on fiber integrity.

CONCLUSIONS
Our data suggest that DSI can detect abnormalities of white mat-
ter microstructure along the central auditory pathway in patients
with unilateral ISSHL, and GFA in the ipsilateral MGB may help
to predict recovery outcomes.
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