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ABSTRACT

PURPOSE:

Currently, 3D-FLAIR sequence performed 4 hours after the intravenous
administration of a single dose of contrast media is the imaging technique of
choice for the diagnosis of saccular hydrops (SH). Recently, the diagnosis of

SH has also been reported with heavily-T2 weighted sequences.

MATERIALS AND METHODS:

In this retrospective imaging study, we performed 3D-FLAIR sequences 4
hours after contrast media administration and 3D FIESTA-C sequences before
and 4 hours after contrast media administration in 30 patients with unilateral
definite, probable or possible clinical diagnosis of Meniére’s disease (MD).
Two radiologists, blinded to the clinical data, independently assessed the

presence of saccular hydrops. Inter-reader agreement tests were performed.
RESULTS:

On delayed post-contrast 3D-FLAIR sequence, 15 patients out of 30 referred
with a SH that was never seen on the controlateral asymptomatic side. The
specificity and the sensitivity to detect MD side were 100% and 50%
respectively. On non-enhanced 3D FIESTA-C sequence, 16 patients out of 30
(53%) referred with a saccular hydrops that was observed in 6 patients on the
clinical asymptomatic ear. The specificity and the sensitivity to detect MD side
were 80% and 33% respectively. On delayed 3D FIESTA-C sequence, 13
patients out of 30 (43%) referred with a saccular hydrops that was seen in 4
patients on the controlateral asymptomatic side. The specificity and the

sensitivity to detect MD side were 83% and 27% respectively.



CONCLUSION:

Delayed post-contrast 3D-FLAIR is highly specific of MD symptoms while 3D

FIESTA-C sequences are less sensitive and specific for the diagnosis of SH.
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Introduction:

Since the first description by Altmann and Fowler, endolymphatic hydrops is
considered to be related with Meniere’s Disease (MD) '. The diagnosis of MD
is based on clinical findings, however temporal bone MRI is always performed
to exclude other pathologies mimicking MD, such as vestibular schwannoma,

endolymphatic sac tumor or intracranial hypotension.

Currently, delayed 3D-FLAIR sequence is the imaging technique of choice for
the diagnosis of endolymphatic hydrops 2. Naganawa et al. provided a method
to assess the endolymphatic space on MRI with 3D-FLAIR sequences delayed
acquisition after the intravenous administration of gadolinium 3. The
gadolinium crosses the blood-perilymph barrier progressively with a plateau
between 4 and 6 hours *. The perilymph appears as a high-signal while the
endolymph remains with low-signal because gadolinium does not pass the
blood-endolymph and the perilymph-endolymph barriers due to the presence
of tight junctions 6. Based of the fact that the saccule is mainly involved in MD
pathophysiology owing to its high mechanical compliance 7, the diagnosis of
saccular hydrops (SH) has been proposed using the SURI technique (saccular
utricular ratio inversion) 9. It has been demonstrated highly specific to MD
and less dependent on the sequence parameter '° but only in patients with at

least 40 dB of hearing loss .

Recently, the diagnosis of SH has been reported on two studies with routine
non-enhanced 3D Heavily-T2 weighted sequences '>'3. Heavily-T2 weighted
sequences have allowed the diagnosis of EH based on the measure of the
saccular height and width in a coronal plane in MD patients in comparison to a

control group with healthy inner ears.



The aim of this study was to compare the diagnosis accuracy of saccular
hydrops in MD patients, as measured with post-contrast 3D-FLAIR and 3D

Heavily-T2 weighted sequences.

Methods:
Patients

This was a retrospective single center imaging study. Thirty patients having a
unilateral definite, probable or possible clinical diagnosis of MD based on the
AAO-HNS guidelines were recruited between December 2016 and October
2017 4. The pure-tone average (PTA) hearing levels of bone conduction were
calculated as the mean of the hearing levels measured at 500, 1000, 2000,
and 4000 Hz. Patients’ hearing was classified as mild (26-40 dB), moderate
(41-60 dB), severe (61-80 dB) and profound (over 81 dB). Patients with a
history of surgery or intratympanic therapy such as gentamicin were excluded
based on the supplemental risk of post-treatment hearing loss.

The study protocol was approved by our institutional review board (IRB

E2017-23).

Imaging

All patients had an MRI scan before and after the administration of a single
intravenous dose of Gadobutrol, Gadovist® (Gd-BT-DO3A, 0.1 mmol/kg) that

provide a high contrast . Imaging examinations were carried out on a 3T



General Electric Discovery® MRI scanner with a surface coil (FLEX) providing

high signal to noise ratio.

We performed 3D-FLAIR MRI sequence with the CUBE® technique 4 hours
after contrast media administration, with the following parameters: TR: 8000ms,
TE: 130ms, TI: 2059ms, 288x288, variable flip angle and isotropic voxel size
of 1 mm for acquisition and 0.5 mm for reconstructions. We employed the ARC
parallel imaging technique with an acceleration factor of 2, nex: 1, and a scan

time of 7°30.

Since it was reported that 3D-FIESTA sequence is sensitive to gadolinium we
performed this sequence before and 4 hours after contrast media
administration to assess the endolymphatic space before and after the
perilymphatic enhancement and to evaluate the reproducibility of this
sequence '®. The parameters were: TR: 7 ms, TE: 2.8 ms, NEX: 1, matrix:
484x484, flip angle: 60°, bandwidth: 83.3 kHz, 0.3 mm slice thickness covering
the labyrinth with a 20 cm field of view. We employed the ARC parallel imaging

technique with an acceleration factor of 2 and a scan time of 4’40.

Both 3D-FLAIR and 3D-FIESTA-C sequences were performed in the plane of

the lateral semicircular canal.

Analysis: saccular-based morphology grading
Images for each subject were evaluated independently by two radiologists
(readers) who were blinded to the clinical data. The imaging data of ears were

analyzed with Osirix MD®.



Using the 3D-FLAIR delayed post-contrast, we graded saccular hydrops using
the SURI technique defined as the ratio between the area of the saccule and
the area of the utricle, as evaluated in axial and sagittal slice on one reference
image. Saccular hydrops was defined (Fig. 1) as when the saccule appeared
equal or larger than the utricle, in both radiologists’ qualitative evaluations 811,

Using the 3D FIESTA-C sequence, we defined (Fig. 1) saccular hydrops, as
previously reported by measuring the height and the width of the saccule in a
coronal plane passing through the lateral and superior ampullas >3, The
saccular height was measured vertically from the utricular macula to the
inferior limit of the saccule appearing as a low-signal. The saccular width was
measured horizontally at its largest from the medial bone to the vertical low-
signal corresponding to the lateral saccular wall. We decided to base our
measurement on the results of Venkatasamy et al since the image
examination was realized on the same MRI machine and because the
parameters of the 3D FIESTA-C were closely similar 3. The height and the
width were considered as pathological when superior or equal to 1.7 and 1.5

mm respectively.

Statistical analysis

Data were analyzed using SPSS software v22.0 (IBM, New York, USA). Inter-
reader agreement in detecting saccular hydrops on both methods was
estimated using Cohen’s kappa coefficient. The concordance between the
three sequences was evaluated using the Cohen’s kappa coefficient. We
considered a k value greater than 0.80 as very good agreement and less than

0.2 as very poor agreement 7. Continuous data are presented as mean and



standard deviation. The rate of SURI with delayed 3D-FLAIR sequence and
saccular hydrops with FIESTA-C sequence in MD patients was estimated by
the exact Clopper-Pearson interval. The Brunner-Munzel test was used to
explore the correlation between the presence of the SURI and saccular
hydrops and the degree of hearing loss. Sensitivity and specificity were
estimated by taking the clinical examination as the gold standard.

Categorical data are reported as frequency and percentages. We set the

significance threshold (p-values) at 0.05.

Results:

Population

Thirty patients were included (19 women) with a mean age of 55.6 [41.6; 69.6]
years. Patients referred with unilateral MD, 12 on the right and 18 on the left
were confirmed with AAO-HNS criteria. The mean hearing loss was evaluated
as being 41.8 +/- 30.2 dB. There were 15 patients with a hearing loss < 40 dB
(11 patients with no hearing loss at the time of MRI, 4 patients with mild
hearing loss) and 15 patients with a hearing loss > 40 dB (8 patients with
moderate hearing loss, 5 with severe hearing loss and 2 patients with

profound hearing loss).

MR data

On delayed post-contrast 3D-FLAIR sequence, 15 patients out of 30 (50%,

IC95: 32.5% ; 67.5%) referred with a SURI sign. The right ear was involved in



7 patients and the left ear in 8 patients. This morphological sign was never
seen on the controlateral side as the clinical disease (0%, 1C95: 0% ; 9.5%).
The mean hearing loss was 59.6 +/- 30.1 dB when a SURI sign was present
while it was 24 +/- 17.6 dB without a SURI sign. There was a correlation
between the degree of hearing loss and the presence of a SURI sign on the
Brunner-Munzel test (0.85, 1C95: 0.65 ; 0.95). A SURI sign was present in
13/15 patients (86.6%, OR=34.1%, IC95: 4.9 ; 383.6) with hearing loss >40dB
and present in 2 patients (18%) with hearing threshold below 40 dB.

The specificity and the sensitivity to detect MD side were 100% and 50%
respectively. The inter-rater agreement was 0.87 on the symptomatic and the

asymptomatic ears (60 ears) for SURI evaluation with 4 cases of discordance.

On non-enhanced 3D FIESTA-C sequence, 16 patients out of 30 (53.3%)
referred with a saccular hydrops. The right ear was involved in 11 patients and
the left ear in 5 patients. This morphological sign was seen in 10 patients out
of 30 (33.3%, IC95: 18.3% ; 51.4%) to the same side as the clinical disease. A
saccular hydrops was seen in 6 patients on the clinical asymptomatic ear
(23.3%, 1C95: 10.8% ; 40.8%). The mean hearing loss was 45.1 +/- 32.9 dB
when a saccular hydrops was present while it was 40.1 +/- 29.6 dB without a
saccular hydrops. A saccular hydrops was observed in 4/15 patients (26.6%,
OR=1, IC95: 0.21 ; 4.9) with hearing loss >40 dB and in 6 patients (54.5%)
with hearing threshold below 40 dB.

The specificity and the sensitivity to detect MD side were 80% and 33.3%
respectively. The inter-rater agreement was 0.7 for saccular hydrops on the

symptomatic and the asymptomatic ears (60 ears) with 8 cases of discordance.



On delayed 3D FIESTA-C sequence, 13 patients out of 30 (43.3%) referred
with a saccular hydrops. The right ear was involved in 11 patients and the left
ear in 5 patients. This morphological sign was seen in 8 patients out of 30
(26.6%, 1C95: 13.2% ; 44.4%) to the same side as the clinical disease. A
saccular hydrops was seen 4 patients on the controlateral side as the clinical
disease (16.7%, 1C95: 6.4% ; 33.1%). The mean hearing loss was 45.3+/-37
dB when a saccular hydrops was present while it was 40.5+/-28.3 dB without a
saccular hydrops. A saccular hydrops was observed in 4/15 patients (26.6%,
OR=1, 1C95: 0.21 ; 4.9) with hearing loss >40dB and in 4 patients (36.3%) with
hearing threshold below 40 dB.

The specificity and the sensitivity to detect MD side were 83.3% and 26.6%
respectively. The inter-rater agreement was 0.61 on the symptomatic and the

asymptomatic ears (60 ears) for saccular hydrops with 8 cases of discordance.

The concordance between 3D-FLAIR and non-enhanced (Kappa=0, IC95: -
0.34 ; 0.35) and post-contrast delayed 3D FIESTA-C sequences (Kappa=0,
IC95: -0.23 ; 0.49) was very poor. Among the 15 patients with a SURI sign, 6
patients and 4 patients also presented a saccular hydrops on the non-
enhanced 3D FIESTA-C and delayed 3D FIESTA-C sequences respectively.

The concordance between the non-enhanced 3D FIESTA-C and the delayed
post-contrast 3D FIESTA-C was good (Kappa=0.68, IC95: 0.40 ; 0.97). Among
the 10 patients with a saccular hydrops to the same side as the clinical

disease on non-enhanced 3D FIESTA-C, 7 patients also have a saccular



hydrops on the delayed 3D FIESTA-C but 3 patients had a normal saccule on
the same sequence and also on delayed 3D-FLAIR.

Among the 8 patients with a saccular hydrops to the same side as the clinical
disease on delayed 3D FIESTA-C, 7 patients presented a saccular hydrops on

non-enhanced 3D FIESTA-C sequence.

Discussion

We demonstrated that the concordance between 3D-FLAIR and non-
enhanced and post-contrast delayed 3D FIESTA-C sequences was very poor.
We also showed that the SURI sign as evaluated by the delayed post-contrast
3D-FLAIR enables the diagnosis of saccular hydrops in 50% of cases with a
very good inter-reader agreement and it is highly specific of the side of MD
symptoms. By contrast, saccular hydrops as evaluated by non-enhanced and
delayed 3D FIESTA-C sequences is found in only 33% and 23% of cases

respectively with a poorer inter-reader agreement and specificity.

Among the 15 patients with a SURI sign, 6 patients and 4 patients also
presented a saccular hydrops on the non-enhanced 3D FIESTA-C and
delayed 3D FIESTA-C sequences respectively. To explain this discordance
between the delayed 3D-FLAIR and 3D FIESTA-C sequences we based our
hypothesis on histological studies. EH involves the cochlear duct in all cases,
the saccule in 80% of cases, the utricle and ampullas less constantly '8. Rauch
et al. have also described saccular involvment in almost all cases and its
distension appeared correlated to the degree of membranous distortion

towards the footplate '°. Frequently, the cecum vestibular of the cochlear duct



extends into the vestibule, thus the cecum vestibular and the distended
saccule are competing to occupy the vestibule 2°. The distension of one of
these two structures causes the collapse of the second. We raised the
hypothesis that in case of vestibular cecum distension, the inferior part of the
vestibule appears in low-signal with delayed 3D-FLAIR sequence while the
saccule wall appears normal with 3D FIESTA-C.

Three patients had a normal saccule on delayed 3D FIESTA-C and 3D-FLAIR
sequences while a saccular hydrops was observed on non-enhanced 3D
FIESTA-C as the same side as the clinical disease. Since 3D FIESTA-C is
sensitive to gadolinium, we have speculated that the perilymphatic

enhancement allowed a clear discrimination of the boundaries of the saccule.

How to evaluate EH in MD patients: delayed post-contrast 3D-FLAIR or non-

enhanced 3D-FIESTA-C?

3D-FLAIR sequences with variable flip angle refocusing have the advantage of
increasing echo train length enabling a shorter acquisition time without blurring
and of being more sensitive than conventional 3D-FLAIR sequences to detect
T1-shortening 2122, The blood-labyrinthin barrier allows the passage of various
structures including gadolinium in the perilymphatic space only but not in the
endolymphatic space due to the presence of tight junctions 7815, Using the
semi-quantitative method described by Nakashima et al., the rate of EH
ranges from 47% to around 90% 2325 Case-controlled imaging studies

demonstrated that the semi-quantitative method was not specific of MD and



depends on the Time Inversion that could modify the endolymph to perilymph
ratio 210, An anatomic grading system was then proposed, based on the
saccular-morphology using the SURI sign with the utricle as an anatomical
landmark owing to its low mechanical compliance 8''. The SURI sign allows
the diagnosis of EH in 50% in a subset of MD patients with 100% specificity.
Moreover, saccular hydrops was highly correlated with MD patients with

hearing level above 40 dB .

The 3D FIESTA-C is a steady-state free precession (SSFP) sequence and a
refocused steady-state gradient echo sequence that provides high signals
from tissues with elevated T2/T1 ratios and an excellent spatial resolution. The
contrast is based on T2/T1 ratios 26. Here, we assess the saccule in MD
patients with a high spatial resolution and with a much more reasonable
acquisition time (4 minutes 40 seconds) than 3D-FLAIR sequences where the
time scans could be up to 15 minutes 2”. However, our results (sensitivity 33%
and specificity 80%) differ from Venkatasamy et al. and Simon et al. that found
a sensitivity of 84% and 63% respectively 213, One can explain this difference
by the fact that in our study we have included patients with possible, probable
and definite MD while Venkatasamy et al. have only included patients with
definite MD. In addition, 16% of our patients presented SH on the controlateral
asymptomatic clinical ear, which was not precise in the study of Venkatasamy
et al. As Venkatasamy et al., our imaging examination was carried out on a 3T
General Electric Discovery® MRI scanner. The parameters of the 3D FIESTA-
C sequence were closely similar except that we employed the ARC parallel

imaging technique reducing acquisition time allowing to reduce motion artifact



and without decreasing significantly the signal-to-noise ratio (SNR). We also
used a surface coil allowing to reduce the FOV with minimization of wrap

artifacts and to improve SNR and spatial resolution 5.

We could mention that 3D FIESTA-C sequences allow the evaluation of the
saccular morphology only which is crucial for the diagnosis of the SH.
However, it has been reported recently that patients with vestibular symptoms
could show an impairment of the utricle only 2°. Furthermore, delayed 3D-
FLAIR sequences also enable the assessment of the blood-labyrinthine
permeability that can be impaired in other vestibular disorders, such as

vestibular neuritis 30-33,

Therapeutic implications

An invasive procedure concerns MD patients with intractable vertigo in almost
30% of cases 3*. Two surgical procedures have been widely discussed with
variable results on vertigo symptoms: the endolymphatic sac surgery and
vestibular neurectomy 3536 Intratympanic administration of gentamycin
enables the control of vertigo in most cases by damaging the sensory hair
cells 3738, Here, we demonstrated that some patients with MD symptoms
presented without MRI evidence of saccular hydrops. In MD patients, the
invasive treatment could be further discussed with regards to results of the

MRI hydrops protocol.



Limitations of this study

The main problem we encountered was the impossibility of confirming the
presence of EH with pathological analysis in vivo. Further multicenter studies
are needed in a larger population to assess the feasibility of T2-weighted
echo-gradient sequences with other manufacturers such as Philips® (Balance
Fast Field Echo sequence = bFFE) and Siemens® (Constructive Interference

in Steady State sequence = CISS).

The height and width of the saccule could not be measured on delayed 3D-
FLAIR since some patients with saccular hydrops present a low-signal of the
entire lower part of the vestibule making difficult the distinction between the
dilated endolymphatic space and the surrounding bone. Moreover, it has been

reported that the volume of the endolymphatic depends on the inversion time

10

In this study, the cochlear endolymphatic compartment was not assessed
since it has been reported that healthy subjects could display cochlear duct
dilatation, and that it is not visible on T2-weighted sequences, such as the
utricle 8. Furthermore, we decided to compare two grading systems based on

the saccular morphology.

Conclusion

Delayed post-contrast 3D-FLAIR enables the diagnosis of EH with a very good

inter-reader agreement and it is highly specific of MD symptoms. By contrast,



3D FIESTA-C sequences are less sensitive and specific and allow the

diagnosis of EH with a poorer inter-reader agreement.
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Figure 1

(A) Coronal non-enhanced 3D FIESTA-C sequence at the level of the superior (gray
arrow) and lateral semicircular canals (dotted gray arrow) showing a normal
saccule (white arrow) below the utricular macula (white dotted arrow).
The sagittal reference slice (D) allowing to apply the SURI method was obtained
using multiplanar reconstructions with the axial (B) and coronal (C) slices passing

through the utricle (gray arrow) and the saccule (white arrow).

Figure 2

70 year-old female with a left MD

(B) Coronal non-enhanced 3D FIESTA-C sequence at the level of the superior (gray
arrow) and lateral semicircular canals (dotted gray arrow) showing a normal
saccule (white arrow; height: 1.6 mm; width: 1.3 mm) below the utricular macula
(white dotted arrow).

(C) Coronal delayed 3D FIESTA-C sequence at the level of the superior (gray arrow)
and lateral semicircular canals (dotted gray arrow) showing a normal saccule
(white arrow; height: 1.6 mm; width: 1.3 mm) below the utricular macula (white
dotted arrow).

(D) Axial 3D-FLAIR at the level of the saccule (white arrow) and the posterior

ampulla (white dotted arrow) demonstrating a left saccular hydrops.



Figure 3
48 year-old male with a left MD

(A)  Coronal non-enhanced 3D FIESTA-C sequence at the level of the superior
(gray arrow) and lateral semicircular canals (dotted gray arrow) showing a left
saccular hydrops (white arrow; height: 2.5 mm; width: 1.5 mm) below the utricular

macula (white dotted arrow).

(B)  Coronal delayed 3D FIESTA-C sequence at the level of the superior (gray
arrow) and lateral semicircular canals (dotted gray arrow) showing a left saccular
hydrops (white arrow; height: 2.5 mm; width: 1.5 mm) below the utricular macula

(white dotted arrow).

(C) Axial 3D-FLAIR at the level of the saccule (gray dotted arrow) and posterior

ampulla (white dotted arrow) demonstrating a left saccular hydrops.

Figure 4
47 year-old female with a left MD

(A)  Coronal non-enhanced 3D FIESTA-C sequence at the level of the superior
(gray arrow) and lateral semicircular canals (dotted gray arrow) showing a left
saccular hydrops (white arrow; height: 2.1 mm; width: 1.1 mm) below the utricular

macula (white dotted arrow).

(B)  Coronal delayed 3D FIESTA-C sequence at the level of the superior (gray
arrow) and lateral semicircular canals (dotted gray arrow) showing a left normal
saccule (white arrow; height: 1.5 mm; width: 1.3 mm) below the utricular macula

(white dotted arrow).



(C) Axial 3D-FLAIR at the level of the saccule (gray dotted arrow) and lower part

of the utricule (white dotted arrow) demonstrating a left normal saccule.

















