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• ABSTRACT TITLE:

Concurrent Brain Structural and Functional Alterations in Patients with Chronic Unilateral Vestibulopathy

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Abstract
Background: Chronic unilateral vestibulopathy (CUVP) is often accompanied by dizziness and / or
postural instability, resulting in the limitation of daily activities.. Recent studies have shown that the lack of
central compensation strategy rather than the impairment of peripheral vestibular function is the main
cause of chronic clinical symptoms and incomplete recovery.
Methods: This study recruited 18 patients with right CUVP and 18 age-, sex-, and education level-matched
healthy controls (HCs). Vestibular evaluations such as videonystagmography (VNG), caloric test were
performed. Dizziness Handicap Inventory (DHI) score for all patients were determined. All subjects
underwent multimodal magnetic resonance imaging (MRI) of brain, including functional magnetic
resonance imaging (fMRI) and three-dimensional T1-weighted MRI. We analyzed the amplitude of low
frequency fluctuations (ALFF), regional homogeneity (ReHo), seed based functional connectivity (sFC) and
voxel-based morphometry (VBM).

Results: Compared with HCs, patients with CUVP showed significantly increased ALFF values in the right
supplementary motor area, significantly decreased ALFF values in the right middle occipital gyrus,
significantly decreased ReHo values in the bilateral superior parietal lobule, as well as significantly
enhanced ReHo values in the bilateral cerebellar hemisphere. Compared with HCs, patients with CUVP
showed increased gray matter volumes in the left medial superior frontal gyrus and left middle cingulate
gyrus. Compared with HCs, the FC were enhanced between left medial superior frontal gyrus and left
orbital inferior frontal gyrus, left angular gyrus , and were significantly decreased between left medial
superior frontal gyrus and right dorsolateral superior frontal gyrus in patients with CUVP. Pearson
correlation analysis showed that there was a positive correlation between DHI score and VBM value of left
medial superior frontal gyrus in patients with CUVP.
Conclusion: There are abnormalities of neuronal activity intensity and overall activity synchronization in
multiple brain regions in patients with CUVP, suggesting that patients with CUVP have extensive brain
functional abnormalities, which in turn affects spatial perception and motor perception. The increased gray
matter volume and FC of the default mode network may be utilized as potential imaging biomarkers of
chronic symptoms in patients with CUVP.

Figure 1 ALFF values in the right middle occipital gyrus was significantly lower in patients with CUVP than in HCs.

Figure 2 ALFF values in the right supplementary motor area was significantly higher in patients with CUVP than in HCs.

Figure 3 The ReHo values in the left superior parietal lobule and right superior parietal lobule were significantly lower in
patients with CUVP than in HCs.

Figure 4 The ReHo values in the lower part of the left cerebellar hemisphere and the lower part of the right cerebellar
hemisphere were significantly higher in patients with CUVP than in HCs.

Figure 5 The gray matter volume in the left medial superior frontal gyrus and left middle cingulate gyrus was significantly
higher in patients with CUVP thant in HCs.

Figure 6 Patients with CUVP demonstrated enhanced FC between the left middle frontal gyrus and left orbital inferior
frontal gyrus and left angular gyrus, weakened FC between the right dorsolateral superior frontal gyrus. Compared with
healthy controls, the FC between left cingulate gyrus and the left cingulate gyrus was enhanced in patients with CUVP,
which overlaps with the gray matter volume enhancement area.
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• ABSTRACT TITLE:

Research on Application Value of Post-contrast 3D-FLAIR in Unilateral Peripheral Vestibular Dysfunction
• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Abstract
Background:It is difficult to clarify the lesion site and mechanism of unilateral peripheral vestibular
dysfunction (UPVD).But with the development of three-dimensional fluid attenuation inversion recovery
magnetic resonance imaging(3D-FLAIR MRI), it is possible to speculate the location and mechanism of
UPVD patients.
Objective: To explore the relationship between the classification of post-contrast 3D-FLAIR and the
cochleovestibular function tests in UPVD patients and its possible pathogenesis.
Methods: Forty patients (age=52.70±14.30) with UPVD underwent post-contrast 3D-FLAIR ,detailed history
collection, pure tone audiometry(PTA), caloric test, and video head impulse test(vHIT).Patients with
vestibular endolymphatic hydrops (EH), cochlear EH and perilymph enhancement(PE)were referred to MRI+
group(n=18,45.0%),other patients were divided into MRI- group(n=22,55.0%). The degree of vestibular
EH,and cochlear EH was evaluated according to the Bernairt’s modified classification and Barráth's
classification.

Results: (1)22.5%(9/40)patients with vestibular EH,25.0%(10/40)with cochlear EH and 15.0%(6/40)with PE.
PTA of MRI+ group was higher than MRI- group(64.36 ±25.75dB vs 23.45 ±16.29dB, p<0.001) .The PTA of
patients with PE was higher than vestibular EH and cochlear EH(89.75±7.18dB vs. 57.00±22.78dB vs.56.5
±21.05dB, p=0.027); In vestibular EH, the PTA of grade 2 was higher than grade 0 and grade 1.(66.20±8.79
dB vs. 23.45±16.29dB vs. 45.50±31.03dB, p<0.001).In cochlear EH, the PTA of grade 2 was higher than
grade 0(68.50±13.40dB vs. 28.23±24.13dB, p=0.003),and there was a positive correlation between the
degree of vestibular EH(r=0.66 p<0.001), cochlear EH(r=0.535 p=0.002) and hearing loss.(2) In MRI+ group,
the vHIT gain of PE was lower than vestibular EH and cochlear EH(0.57±0.27 vs. 1.06±0.18 vs.1.10
±0.24,p=0.001). (3)ROC curve analysis: In MRI +group, PTA and vHIT gain had higher diagnostic efficiencies
for predicating whether there is PE or not(PTA:AUC=0.983,p=0.002,cut off=73.0;vHIT gain:AUC=0.992
p=0.002 cut off=0.64);(4)Possible pathogenesis:(a)Vascular risk factors:32.5% (13/40) of MRI+ group and
20.0% (8/40) of MRI- group (20.0%).15.0% (6/40) of PE,15.0% (6/40) of vestibular EH and 20% (8/40) of
cochlear EH. (b)Immune injury:0 (0/40) of PE,15.0% (6/40) of vestibular EH (p=0.014) and 15%(6/40) of
cochlear EH(p=0.014).
Conclusion: PE is associated with hearing and vestibular function impairment. It’s more likely to occur when
the PTA is greater than 73.0dB and vHIT gain is less than 0.64; There was a positive correlation between the
EH and cochleovestibular function impairment, and EH may be related to autoimmune diseases.
Key words: unilateral peripheral vestibular dysfunction,endolymphatic hydrops, perilymphatic enhancement
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• ABSTRACT TITLE:

Role Of MRI Visualizing Endolymphatic Space in Diagnosing Meniere’s Disease

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Diagnosis of Meniere’s disease (MD) has been made based on the clinical history and audiometry. According to 1995
American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) guideline, for diagnosis of certain MD,
histopathologic confirmation of endolymphatic hydrops (EH) is necessary. Symptoms such as dizziness and
earfullness are important for diagnosis of MD, but these are nonspecific and frequently accompanied in many other
otologic disorders. Therefore, recently developed magnetic resonance image (MRI) protocol documenting EH can be
useful tool to understand the status of inner ear in MD patients. We took MRI using HYDROPS (HYbriD of Reversed
image Of Positive endolymph signal and native image of positive perilymph Signal) protocol in MD patients and
analyzed the role of MRI in visualizing the endolymphatic space for the diagnosis of MD.
Total 123 MD patients were recruited for study. Patients were categorized in 80 definite MD, 11 probable MD, and
32 possible MD patients based on 1995 AAO-HNS guideline. The grade of EH on HYDROPS MRI (hydrops grade) was
independently measured by two otologists and confirmed by radiology department. Hydrops grade was correlated
with several clinical parameters including diagnostic classification of MD (1995 AAO-HNS guideline), mean pure tone
audiometry threshold, low frequency threshold, caloric test result, and duration of disease.

MD classification was significantly different both in cochlear and vestibular hydrops grade. In MD patients, mean
pure tone audiometry threshold significantly increased by cochlear hydrops grade and was significantly different by
whether hydrops exist or not in vestibule from HYDROPS MRI. Also, mean low frequency threshold was significantly
different by whether hydrops exist or not, both in cochlea and vestibule from HYRDOPS MRI in MD patients. Canal
paresis value was significantly different by whether hydrops exist or not in cochlea, and vestibular hydrops grade 2
was significantly different from others in MD patients. Disease duration and hydrops grade were not related.
Severity of EH described by hydrops grade from HYDROPS MRI showed significant correlation with MD classification,
mean pure tone audiometry threshold, mean low frequency threshold, and canal paresis value, but not with disease
duration. Radiological evaluation of MD using HYDROPS protocol seems to be a valuable tool to evaluate the extent
and severity of EH in diagnosing the MD based on its pathophysiologic mechanism.
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• ABSTRACT TITLE:

Comparison between high-resolution 3D-IR with REAL Reconstruction and 3D-FLAIR sequences in the
assessment of Endolymphatic Hydrops in 3 Tesla

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Research background
The purpose of this study is to describe the two main sequences used in the assessment of endolymphatic hydrops
(EH) -the 3D-IR with real reconstruction and the 3D-FLAIR-, and to compare both sequences in terms of EH detection
and grading.
Methods
42 consecutive patients diagnosed with Probable or Definite MD were referred from the ENT Department for a 3
Tesla MR examination. Sequences acquired were a heavily T2 weighed axial 3D SPACE, axial 3D-FLAIR and axial 3D-IR
4 hours after a single dose of intravenous Gadolinium.
Vestibular and cochlear EH in both 3D-IR and 3D-FLAIR sequences were read by two independent head and neck
radiologists, unaware of the patient’s clinical status.
The primary study endpoint was the concordance in the hydrops detection and severity with both imaging
sequences. This was assed using the Cohen's kappa Κ statistic for disease grading and Pearson Χ2 test to test the
difference in detection rates of hydrops. Statistical significance was defined as two-sided P<0.05.

Results
We obtained an excellent overall concordance within both techniques, with a kappa of 0.821, (p<0.001) when
comparing hydrops detection.
The degree of concordance is higher in vestibular hydrops than in cochlear hydrops, irrespective of affected side.
Regarding overall cochlear hydrops detection, the 3D-IR detected more hydrops than the 3D FLAIR, (62% vs 39.5%,
p<0.03).
Conclusions
The 3D-IR sequence seems to be superior to the 3D-FLAIR for the assessment of EH and should be taken into account
as a standalone parameter for a shorter and optimized EH MRI protocol.
Target audience Othologists with interest in Meniere´s disease and Head and Neck Radiologists

Fig. 1: a,c,e, 3D-IR sequences. b,d,f, 3D-FLAIR sequences. No EH in a and b. The saccule and the utricle are depicted
separately in the vestibule (arrowheads) and no significative engorgement of the cochlear duct is detected.
Moderate EH, c and d. Mild dilatation of the cochlear duct (arrows), with a scala vestibuli still patent. Vestibular EH
grade II is depicted when the surface of the saccule, utricle or both is >50% of the bony vestibule /arrowheads).
Some perilymphatic enhancing space can still be visible.
Severe EH, e and f. The cochlear duct is greatly dilated and pushes away completely scala vestibuli (arrows).
Vestibular EH grade III is shown with the surface of the saccule and utricle completely occupying the vestibule and no
high signal perilymphatic space can be seen (arrowheads).

Fig. 2: 3D-IR sequence (a) and 3D-FALIR (b). Mild cochlear EH is clearly depicted on the 3D-IR (arrowhead) in a, as a
dark smooth line corresponding to the mildly dilated cochlear duct. The contrast between the perilymph (high signal)
and the surrounding bone (grey, intermediate signal) makes this diagnosis possible. On the contrary, when we
analyze the 3D-FLAIR image in b, the surrounding bone -which is also low signal-, makes it almost impossible to
distinguish the mild cochlear EH.

Fig. 3: 3D-IR sequence (a) and 3D-FLAIR sequence (b). Note severe cochlear (arrow) and vestibular (arrowhead) EH
that is clearly visible on 3D-IR. In the 3D-FLAIR sequence, a severe vestibular EH can be assessed. However, for the
cochlear EH there is a significant discrepancy in the grading, with a very difficult to asses low signal dilated cochlear
duct.

Meniere's disease: different mechanisms for hydrops and implication of
treatments – an update.
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The course and symptoms in Meniere’s disease is highly variable. While some patients have
a high frequency of attacks and continuous symptoms, other have sporadic attacks and
others again go into remissions that last for years. The responses to different treatments are
similar. While one patient may respond to a certain treatment, this may not help another.
This holds true for most non-destructive approaches. Actually, the literature report most
treatments seems to have a success rate of about 2/3rd. which, resembles the number going
into spontaneous remission when observed for several months. We can thus suggest the
“two-third problem” in Meniere’s disease. The heterogenicity of treatment responses, the
number of different treatments suggested and the variety in the spontaneous course and in
symptoms, may lead to a suspicion that there is either more than one etiology causing
similar symptoms and/or that this is actually more than one disorder.
Meniere’s disease is suggested to be related to endolymphatic hydrops, and it is now
possible to visualize the endolymphatic compartment with MRI after either an i.v. or
intratympanical administration of gadolinium.
As we have encountered, developing an experimental model creating a hydrops in mice,
visualizing it with a 9,4T animal MRI system with specially developed sequences, there seem
to be different mechanisms to develop hydrops. Even on a cellular level. This has implication
on the treatment regime.
Here, we will present an overview on treatments relative etiology of Meniere´s disease or
hydropic inner ear disease, as based on present knowledge and experience. We will suggest
that the new data seems ro suggests an open minded approach to the patients and and a
multii modal therapeutic approach.

We have developed an experimental model for creating a hydrops in mice, visualizing it with
a 9,4T animal MRI system with specially developed sequences. The endolymphatic hydrops is
induced by either administration of vasopressin over 3 weeks, or by different
phosphodiesteras inhibitors (PDE3 PDE4, PDE5). The Vasopressin and PDE4 inhibitors affects
intracellular cAMP while PDE3 also effects cGMP and PDE5 only affects PDE5. In a series of
experiments we could demonstrate that we could block the development of hydrops with
spironlactone if hydrops was induced by vasopressin or PDE4 inhibitors, but not if hydrops
was induced by PDE3 inhibitors. Thus, if hydrops is induced by one pathway it may be open
to treatments, but not if it is induced by another mechanism. This falls well in line with the
observation of different responses to similar treatment in different patients and, may be
seen as a first evidence that Meniere’s disease or at least endolymphatic hydrops may have
multiple etiologies. This suggest that we will have to continue work to separate these
different entities, maybe by genetic testing as has been suggested, but also that we still have
to work with personalized treatment regimes and try different treatments to find out what
works for a certain patient. The findings also points out the great difficulties in doing
randomized trials when the included patients might have different etiologies and
mechanisms for their disease.
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• ABSTRACT TITLE:

Cortical representation of acute dizziness in strokes is not limited to a specific area.

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
The anatomy of the vestibular system involving the inner ear and labyrinth, and centrally, the involvement of
the vestibular nuclei in the brainstem and cerebellum, have been consistently described and demonstrated in
the literature. The cortical areas that make up the 'vestibular cortex' are however less clearly defined. A
number of cortical areas subserving vestibular functions have been described, including the precuneus,
intraparietal sulcus, orbitofrontal cortex, cingulate gyrus, insula, retroinsular cortex, superior temporal gyrus,
hippocampus, and parietal operculum. Here we sought to assess the cortical areas involved in patients
presenting with acute dizziness and diagnosed with strokes on MRI, to determine whether there is a
correlation between vestibular symptoms and lesion site.
We collected symptom-questionnaires from patients presenting with hyperacute strokes at the Univesity
College Hospital. A total of 71 patients with confirmed strokes on MRI and acute dizziness have been identified.
The acute stroke lesions are defined as hyperintense areas on the b1000 sequence, these are correlated to
the ADC sequence by a senior radiologist. The regions of infarcts on the b1000 are segmented using ITK-Snap,
followed by coregistration of the segmented regions to MNI space using FMRIB's Linear Image Registration
Tool. The cortical areas are recorded using Talairach coordinates (Brodmann areas) and Harvard-Oxford
Cortical Structural Atlas (gyri).
23 patients were excluded due to unsatisfactory coregistration with the MNI atlas. A total of 28 Brodmann
areas have been identified in the 48 patints analysed, with the largest number seen in Brodmann area 19, 40,

6, 4, 3. We did not observe a statistically significance between cortical areas affected in patients with vestibular
symptoms compared to the rest of the areas identified. Using the Harvard-Oxford Atlas, a total of 32 cortical
regions were involved, with the precentral and postcentral gyri being most common, but without statistical
significance.
From our preliminary findings, we report that there is no correlation between acute dizziness symptoms in
acute stroke and lesion location. This is an important finding as it shows that the cortical network in the
generation of vestibular symptoms is most likely complex and widespread. The anatomical sites of acute
cortical infarcts are not reliable markers to indicate the presence of vestibular symptoms, and vice versa. Our
data also provides insight into functional vestibular anatomy which may have implication for surgery and
rehabilitation.

