
INNOVATIVE CLINICAL IMAGE

MR Imaging of Endolymphatic Hydrops in Five Minutes
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In this study, we present images acquired by a fast-imaging method for the evaluation of endolymphatic
hydrops after intravenous administration of a single dose of gadolinium-based contrast agent. We
utilized the hybrid of reversed image of MR cisternography and a positive perilymph signal by heavily
T2- weighted 3D-fluid attenuated inversion recovery-multiplied by T2 (HYDROPS2-Mi2) method
combined with deep learning reconstruction denoising. The scan time for the fast protocol was
approximately 5 mins, which is far shorter than previously reported scan times. The fast acquisition
provides similar image quality and less motion artifacts compared to the longer method.
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Imaging of endolymphatic hydrops in Meniere’s disease with
a single dose of intravenous gadolinium-based contrast agent
(GBCA) is widely used.1–3 There is a report using a double
dose of intravenous GBCA.4 However, considering the issue
of gadolinium accumulation in the brain, it is difficult to
justify this use of a double dose. In some countries, the use
of more than a single dose may not be approved clinically.

To facilitate the imaging evaluation of endolymphatic
hydrops, it is important to visualize the endolymph, peri-
lymph, and surrounding bone separately, so that these three
entities can be distinguished. The following methods have
already been proposed for this purpose. First, the hybrid of
reversed image of positive endolymph signal and native image
of positive perilymph signal (HYDROPS) method, which
subtracts a positive perilymph image (PPI) and a positive
endolymph image (PEI)5 with different inversion times has
been reported. Another study described the hybrid of reversed
image of MR cisternography and positive perilymph signal by
heavily T2-weighted 3D-fluid attenuated inversion recovery
(FLAIR) (HYDROPS2) method. This method subtracts the

MR cisternography (MRC) image from the heavily T2-
weighted 3D-FLAIR image, which is a PPI.5 Finally,
HYDROPS-multiplied by heavily T2-weighted MR cisterno-
graphy (Mi2) and HYDROPS2-Mi2, which dramatically
increase the contrast-to-noise ratio between the
endolymph and perilymph by multiplying by the T2-weighted
MRI cisternography, have also been reported.5,6 These meth-
ods use subtraction techniques, which can be susceptible to
misregistration from body movement. As a non-subtraction
method, an improved 3D-real inversion recovery (IR) imaging
developed to diagnose endolymphatic hydrops with a single
dose of intravenous GBCA has been reported.7

For all of the above, excellent images have already been
reported with a single dose of intravenous GBCA; however, a
long imaging time of more than 30 mins was initially required
to generate the HYDROPS and HYDROPS-Mi2 images.
Recently, the imaging time was reduced to approximately
10mins in the improved 3D-real IRmethod7 and approximately
14 mins in the HYDROPS method.5 Currently, the shortest
imaging protocol that can distinguish the perilymph, endo-
lymph, and bone with a single dose of intravenous GBCA is
approximately 8 mins for HYDROPS2 and HYDROPS2-Mi2.8

Longer imaging times may result in artifacts due to body move-
ment and may decrease scan throughput. The evaluation of
endolymphatic hydrops by MRI has been incorporated into
the diagnostic criteria for Meniere’s disease.9 Considering that
the clinical application of this imaging method will be applied
more frequently in the future, a shorter scan time would be
particularly useful.

Recently, it was reported that artificial intelligence image
reconstruction can further increase the contrast-to-noise ratio
of HYDROPS-Mi2 images and produce excellent images
that differentiate between the endolymph, perilymph, and

1Department of Radiology, Nagoya University Graduate School of Medicine,
Nagoya, Aichi, Japan
2Canon Medical Systems, Tochigi, Japan
3Department of Otorhinolaryngology, Nagoya University Graduate School of
Medicine, Nagoya, Aichi, Japan

*Corresponding author: Department of Radiology, Nagoya University Graduate
School of Medicine, 65, Tsurumaicho, Shouwa-ku, Nagoya, Aichi 466-8550,
Japan. Phone: +81-52-744-2327, Fax: +81-52-744-2335, E-mail: naganawa@med.
nagoya-u.ac.jp

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives
International License.

©2021 Japanese Society for Magnetic Resonance in Medicine

Received: February 9, 2021 | Accepted: March 21, 2021

Magn Reson Med Sci 2022; 21; 401–405
doi:10.2463/mrms.ici.2021-0022 Published Online: April 24, 2021

Magnetic Resonance in Medical Sciences | Vol. 21, No. 3 401

mailto:naganawa%40med.nagoya-u.ac.jp
mailto:naganawa%40med.nagoya-u.ac.jp


bone in 3D space.10 The total imaging time was reported to
be approximately 20 mins. However, the extremely good
contrast-to-noise ratio of these images seemed to indicate a
possibility for further imaging time reduction.

Our group started to apply an imaging protocol that
utilized artificial intelligence image reconstruction as
described above to acquire images in approximately
5 mins, which distinguished the endolymph, perilymph,
and surrounding bone. Initially, this method was meant to
be a backup to the conventional method in case of body
movement. The purpose of this paper is to present the
images obtained in 5 mins with this new protocol and to
compare to those obtained by the conventional method of
12 mins. Furthermore, we suggest that this imaging
method could be adopted for the widespread use in clin-
ical practice.

In the present clinical protocol, all patients were imaged
using a 32-channel head coil on a clinical 3T MR scanner
(Vantage Centurian; Canon Medical Systems, Tochigi,
Japan) 4 hours after an intravenous injection of a single
dose (0.1 mmol/kg) of GBCA, gadobutrol (Gadovist; Bayer
Yakuhin, Osaka, Japan). MR imaging data for the generation
of HYDROPS-Mi2 were acquired in 20 mins under
the previously reported imaging conditions.10 From these
data, a conventional HYDROPS2-Mi2 was created using
only the PPI and MRC. A new clinical MR imaging protocol
for endolymphatic hydrops evaluation in our hospital
includes data acquisition for the generation of a 20-min
HYDROPS-Mi2 (448 seconds PPI, 448 seconds PEI, and
287 seconds MRC), as well as a 4-min PPI and a 1-min MRC
for a backup in case of body movement. We created a
shortened imaging time version of HYDROPS2-Mi2
(sHYDROPS2-Mi2) from the 5-min data and compared it
to the conventional HYDROPS2-Mi2 (cHYDROPS2-Mi2)
in terms of distinguishing endolymphatic hydrops and the
presence of misregistration artifacts. Deep learning recon-
struction (DLR) (Advanced Intelligent Clear-IQ Engine
[AiCE]; Canon Medical Systems) was applied for all MR
images.10

The reduction in imaging time from the conventional
method was mainly achieved by decreasing the number
of slices. Other parameters were also slightly altered.
The detailed imaging parameters are described in
Table 1.

The HYDROPS2-Mi2 image was created using the fol-
lowing formula11

HYDROPS2-Mi2 = (PPI-k*MRC) *MRC

where k was determined prior to the start of this study by
measuring the cochlear signal so that the perilymph signal
in the PPI was halved after the subtraction. k was set to
0.08 for both the cHYDROPS2-Mi2 and sHYDROPS2-
Mi2 images.

The clinical protocol for the present study included six
patients with suspected endolymphatic hydrops. The retro-
spective study was approved by the ethics committee of our
hospital and the requirement for written informed consent
was waived. The grading of endolymphatic hydrops was
done by an experienced radiologist using the Nakashima
grading scale.12 For both imaging methods, the grade was
consistent for both the cochlea and the vestibule in the ears of
all the patients (Fig. 1). In one patient, there was misregistra-
tion due to motion with the conventional method, but there
was no obvious movement with the 5-min protocol (Fig. 2).

With the fast method proposed here, the imaging can be
performed in approximately 5 mins, allowing the evaluation
of endolymphatic hydrops in an even greater number of
patients. Furthermore, even in patients who have undergone
contrast-enhanced MR for other purposes, it will also be
easier to evaluate endolymphatic hydrops, if necessary, by
waiting for 4 hours after the intravenous GBCA injection. In
the patient with motion, the body movement seemed to occur
during the silent period of the scan interval between the PPI
(448 seconds) and the MRC (287 seconds). In the future, it is
expected that the MRC and the PPI will be performed as a
single continuous sequence to further reduce the possibility
of movement between the sequences. It is also expected that
the post-processing of the images will be automated to allow
a wider distribution of this method.

In conclusion, it was suggested that imaging at 4 hours after
the intravenous administration of a single dose of GBCA for
the evaluation of endolymphatic hydrops can be sufficiently
acquired in approximately 5 mins. Shortening the imaging time
is expected to promote even a wider use of MRI for the
evaluation of endolymphatic hydrops and to reduce the possi-
bility of image degradation due to body movement.
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Fig. 1 A male patient in his 50s. Images were obtained at 4 hours after intravenous administration of a single dose of gadolinium-based
contrast agent. (a) The conventional version of the HYDROPS2-Mi2 image generated from the heavily T2-weighted 3D-FLAIR PPI obtained
with 448 seconds scan time and heavily T2-weighted MRC obtained with 287 seconds scan time. Total scan time was 12 mins and 15
seconds. Significant endolymphatic hydrops in the cochlea and the vestibule are clearly visible as the black area (arrows). (b) The shortened
scan time version of the HYDROPS2-Mi2 image generated from the PPI obtained over 240 seconds and MRC obtained over 66 seconds.
The total scan time was 5 mins and 6 seconds. Significant endolymphatic hydrops in the cochlea and the vestibule are clearly visible as the
black areas (arrows). This shorter scan time HYDROPS2-Mi2 image depicts significant endolymphatic hydrops as clearly as the longer scan
time image (a). Background noise is slightly more noticeable in the shorter scan time image (b) than in the longer scan time image (a). (c) The
source PPI image obtained in 240 seconds to generate a shorter scan time version of the HYDROPS2-Mi2 image (b). (d) The source MRC in
66 seconds to generate a shorter scan time version of the HYDROPS2-Mi2 image (b). (e) The shorter scan time HYDROPS2 image generated
by the subtraction of the magnitude adjusted MRC image (i.e., (d)*0.08) from the source PPI image (c). By multiplying (d) onto (e), the final
image of the shorter scan time version HYDROPS2-Mi2 image (b) was generated. FLAIR, fluid attenuated inversion recovery; HYDROPS2,
hybrid of reversed image of MR cisternography and positive perilymph signal by heavily T2-weighted 3D-FLAIR; HYDROPS2-Mi2,
HYDROPS2 multiplied by heavily T2-weighted MR cisternography; MRC, MR cisternography; PPI, positive perilymph image.
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Fig. 2 A female patient in her 40s. Images were obtained at 4 hours after an intravenous administration of a single dose of gadolinium-based
contrast agent. There is no endolymphatic hydrops in her right cochlea and vestibule. (a) The conventional version of the HYDROPS2-Mi2
image generated from the PPI and MRC data obtained over 448 seconds and 287 seconds, respectively. The total scan time was 12 mins
and 15 seconds. Black misregistration artifacts (arrows) can be seen in the lateral semicircular canal and scala tympani in the basal turn of
the cochlea. Anatomically, there is no endolymphatic space in the lower side of the scala tympani of the basal turn of the cochlea. These
misregistration artifacts are caused by the movement between the PPI andMR cisternography scans. (b) A shortened scan time version of the
HYDROPS2-Mi2 image generated from the PPI and MRC data obtained over 240 seconds and 66 seconds, respectively. The total scan time
was 5 mins and 6 seconds. No apparent misregistration artifact can be seen. HYDROPS2, hybrid of reversed image of MR cisternography
and positive perilymph signal by heavily T2-weighted 3D-fluid attenuated inversion recovery; HYDROPS2-Mi2, HYDROPS2 multiplied by
heavily T2-weighted MR cisternography; MRC, MR cisternography; PPI, positive perilymph image.
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