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Purpose: To evaluate the feasibility of a simple estimation for the endolymphatic volume ratio 
(endolymph volume/total lymph volume = %ELvolume) from an area ratio obtained from only one 
slice (%EL1slice) or from three slices (%EL3slices). The %ELvolume, calculated from a time- consuming 
measurement on all magnetic resonance (MR) slices, was compared to the %EL1slice and the 
%EL3slices.

Methods: In 40 ears of 20 patients with a clinical suspicion of endolymphatic hydrops, MR imag-
ing was performed 4 hours after intravenous administration of a single dose of gadolinium- based  
contrast material (IV-SD-GBCM). Using previously reported HYDROPS2-Mi2 MR imaging, the 
%ELvolume values in the cochlea and the vestibule were measured separately by two observers. The 
correlations between the %EL1slice or the %EL3slices and the %ELvolume values were evaluated.

Results: A strong linear correlation was observed between the %ELvolume and the %EL3slices or the 
%EL1slice in the cochlea. The Pearson correlation coefficient (r) was 0.968 (3 slices) and 0.965 (1 slice) 
for observer A, and 0.968 (3 slices) and 0.964 (1 slice) for observer B (P < 0.001, for all). A strong 
linear correlation was also observed between the %ELvolume and the %EL3slices or the %EL1slice in the 
vestibule. The Pearson correlation coefficient (r) was 0.980 (3 slices) and 0.953 (1 slice) for observer A, 
and 0.979 (3 slices) and 0.952 (1 slice) for observer B (P < 0.001, for all). The high intra-class correla-
tion coefficients (0.991–0.997) between the endolymph volume ratios by two observers were observed 
in both the cochlea and the vestibule for values of the %ELvolume, the %EL3slices and the %EL1slice.

Conclusion: The %ELvolume might be easily estimated from the %EL3slices or the %EL1slice.

Keywords:  magnetic resonance imaging, endolymphatic hydrops, temporal bone disease, 
volume quantification
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Introduction
Clinical evaluation of endolymphatic hydrops 

(EHs) using magnetic resonance (MR) imaging has 
been performed in patients with suspected Menière’s 
disease at 24 hours after intratympanic administration 

of gadolinium-based contrast material (IT-GBCM)1–3 
or at 4 hours after intravenous administration of a 
single dose of gadolinium-based contrast material 
(IV-SD-GBCM).4–7 Although IT-GBCM usually pro-
vides a higher contrast concentration in labyrinth than 
IV-SD-GBCM, MR imaging by IT-GBCM requires 
off-label use of the contrast material and the inva-
sive puncture of the tympanic membrane.3 Therefore, 
IV-SD-GBCM is becoming more popular in clinical 
practice. 

To compensate for the lower contrast concentra-
tion when using IV-SD-GBCM, multiplication of 
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the T2-weighted MR cisternography on HYDROPS 
(HYbriD of Reversed image Of Positive endolymph 
signal and native image of positive perilymph Signal) 
or HYDROPS2 (HYbriD of Reversed image Of MR 
cisternography and positive Perilymph Signal by heav-
ily T2-weighted 3D-FLAIR) images has been devel-
oped to increase the contrast-to-noise ratio (CNR) 
more than 200-fold.8–11 A less observer- dependent 
area quantification method was proposed for imaging 
of EH after IV-SD-GBCM using multiplied images 
such as HYDROPS-Mi2 (HYDROPS-Multiplied 
with heavily T2-weighted MR cisternography) and 
HYDROPS2-Mi2 (HYDROPS2-Multiplied with heav-
ily T2-weighted MR cisternography).10,11 The high CNR 
by HYDROPS-Mi2 and HYDROPS2-Mi2 enabled a 
dramatic reduction in scan time while maintaining an 
area measurement similar to that obtained by the con-
ventional protocol with a longer scan time previously 
in use with IV-SD-GBCM.10–12

Quantification of the endolymphatic volume ratio is 
used to deepen the understanding of the pathophysiology 
for Menière’s disease and as an imaging biomarker to 
monitor treatment response.13 MR imaging after intratym-
panic contrast application and image processing, includ-
ing sophisticated machine learning and automated local 
thresholding, enabled the volumetric quantification of 
EHs, although this method is rather time-consuming for 
clinical practice.13 Recently, the volume ratio of the endo-
lymph against the total lymph on the images obtained 
by IV-SD-GBCM was measured by drawing a region of 
interest (ROI) on all slices including the cochlea or the 
vestibule in an extension of a previously proposed, less 
observer- dependent, method of area quantification.14 
However, to draw ROIs for the cochlea and the vesti-
bule bilaterally on all slices (typically 7–9 slices) is time- 
consuming. The purpose of this study was to evaluate the 
feasibility of estimating the endolymphatic volume ratio 
obtained by measurement on only 1 or 3 slices compared 
to that obtained by measurement of all slices.

Materials and Methods
Patients

Forty ears in 20 patients with a clinical suspicion of 
EHs were included. Patients underwent an MR exam-
ination in the time period from April 2013 to January 
2014. MR studies were performed for the evaluation 
of EHs. Imaging data from these patients had been 
utilized in the previous study for the total volume 
quantification.14 Experienced otorhinolaryngologists 
determined the indication for the MR examination. 
A differential diagnosis of Menière’s disease was 
based on the guidelines of the American Academy 
of Ophthalmology and Otolaryngology−Head and 
Neck Surgery (AAO-HNS).15 The patients included  

5 men and 15 women with an age range of 41–80 years 
(median 64). A medical ethics committee approved this 
retrospective study with a waiver for informed consent.

MR imaging 
All MR imagings were performed using a 3-tesla unit 

(Skyra, Siemens, Erlangen, Germany) with a 32-channel 
array head coil. MR scanning was performed 4 hours 
after a single dose with IV administration (0.2 ml/kg 
body weight or 0.1 mmol/kg body weight) of gad-
oteridol (Gd-HP-DO3A: ProHance, Eisai, Tokyo). All 
patients had an estimated glomerular filtration rate 
(eGFR) value exceeding 60 mL/min/1.73 m.2 

According to the clinical protocol used by the hospi-
tal for the evaluation of EHs,10–12 the patients underwent 
heavily T2-weighted MR cisternography (MRC) for 
anatomical reference of total lymph fluid and a heavily 
T2-weighted 3D-FLAIR with a 2250-msec inversion time 
(positive perilymph image, PPI) 4 hours after receiving 
the IV-SD-GBCM. Parameters were set as previously 
reported.10–12,14 A PPI (15 minutes) and an MRC (3 min-
utes) were obtained. Table 1 details the scan parameters. 

Image processing
Image processing methods were identical to that used 

in a previous study.14 Briefly, HYDROPS2-Mi2 images 
were generated as follows: (PPI - 0.04 × MRC) × MRC. 

Multiplication by the MRC was used to boost the 
CNR between the endo- and perilymph while suppress-
ing and stabilizing the background signal from the bone 
and air.8 We employed a constant value of 0.04 accord-
ing to a recent study12 and generated the HYDROPS2 
images on the scanner console. For the subtraction, 
negative signal values were allowed. During this step, 
no image registration program was applied.

Then, we transferred the MR images to a Mac Book 
Pro personal computer (Apple Computer Inc., Cupertino, 
CA, USA) with a free DICOM viewer (OsiriX image 
software, ver. 5.0.2 32 bit; downloadable at http://www.
osirix-viewer.com/index.html), which allowed easy pixel-
by-pixel multiplication between the image series.

Volume and area measurement
Voxels with a negative value on the HYDROPS2-Mi2 

image were estimated as endolymph. In the 40 ears, we 
measured the percentage of the volume of endolym-
phatic space in the total lymphatic space (%ELvolume) 
for the cochlea and the vestibule quantitatively on the 
HYDROPS2-Mi2 image according to a previously 
reported threshold-based method.10,12 Two radiological 
technologists (with experience of 10 and 14 years in MR 
imaging) contoured the ROI around the cochlea and  
the vestibule on the MRC slices according to the 
instructions indicated below and example images (Fig. 1) 
used in the previous study.14 The number of slices that 
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were contoured was between 7–9 for the cochlea and 
5–7 for the vestibule. When observers contour the lab-
yrinth, threshold of the full width at half maximum on 
MRC slices was subjectively employed in practice.

A neuroradiologist with 27 years of experience in MR 
imaging set up the instructions and example images for 
contouring. The instructions shown below are a modifi-
cation of that used for the area measurement.12

1.  Before starting to contour the cochlea or the vesti-
bule on the MRC, observers should set the image 
window level and width to 400/1000.

2.  For the cochlear ROI, observers should exclude 
the part where the signal intensity is lower than 
half of the fully fluid containing voxels due to 
a partial volume averaging effect on the MRC. 
Observers should also exclude the cochlear modi-
olus when drawing the ROI. Observers do not 
have to exclude the thin osseous spiral lamina. 
In the connecting part of the basal turn with the 
vestibule, observers should draw the border at the 
posterior edge of the osseous spiral lamina.

3.  For the vestibular ROI, observers should exclude the 
semicircular canals and the ampullas when drawing 
an ROI for the vestibule on the MRC. In the con-
necting part of the basal turn of the cochlea with the 
vestibule, observers should draw the border at the 
posterior edge of the osseous spiral lamina.

The two observers consulted example images when 
drawing the ROIs. The ROIs drawn on the MRC were 
copied and pasted onto the HYDROPS2-Mi2 images 
(Fig. 1). We used the histogram function of OsiriX to 
count the number of all voxels within the ROI and the 
number of voxels with a negative signal intensity value 
(i.e., endolymph) within the ROI. 

The ratio of the volume (%) of the endolymphatic 
space in the entire lymphatic space (%ELvolume) was 

defined as: %ELvolume = (sum of the number of nega-
tive voxels for the endolymph in the ROI of all slices 
divided by the total number of voxels in the ROIs of all 
slices) × 100. This method for volume quantification 
was identical to the previously reported method.14

After 10 months, the same two observers performed 
the area ratio measurements for 1 slice and 3 slices. The 
cochlea and the vestibule were contoured separately to 
place an ROI on the MRC. Both observers received 
the following instructions that were modified from the 
instructions for the volume measurement14:

1.  Before starting the contouring of the cochlea or 
the vestibule on the MRC, set the image window 
level and width to 400/1000.

2.  For the cochlear ROI, select the center slice on 
which the cochlear modiolus is largest visually. If 
the size of the modiolus is comparable on 2 or more 
slices, choose the slice with the largest height of 
the modiolus. When contouring the cochlea on the 
MRC, exclude the modiolus when drawing the ROI.

3.  For the vestibular ROI, select the lowest slice 
where the lateral semicircular canal ring is visual-
ized more than 240°, and exclude the semicircu-
lar canal and the ampulla when drawing the ROI 
for the vestibule on the MRC.

The ROI of the cochlear slice was defined to select 
the middle part of the cochlea, and the ROI of the ves-
tibular slice, to select the middle of the vestibule. The 
ROIs, drawn on the MRC, were copied and pasted onto 
the HYDROPS2-Mi2 image. We then used the histo-
gram function of OsiriX to measure the total number of 
pixels in the ROI and the number of pixels with a nega-
tive signal intensity value (i.e., endolymph) in the ROI. 

The ratio of the area (%) of the endolymphatic space 
in the entire lymphatic space (%EL1slice) was defined 
as: %EL1slice = (the number of negative pixels for the 

Fig. 1. An example of the MRC images with the ROI placement for the cochlea (a) and the vestibule (b). The number of 
slices contoured was 7–9 for the cochlea and 5–7 for the vestibule. These ROIs on the MRC images were copied onto the 
HYDROPS2-Mi2 images (c). MRC, magnetic resonance cisternography; ROI, region of interest.

a b c
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endolymph in the ROI divided by the total number of 
pixels in the ROI) × 100. Then ROIs were also placed 
on the MRC images one slice up (1 mm up) and one 
slice down (1 mm down) from the selected center slice 
of the cochlea and that of the vestibule. The %EL for 3 
slices (%EL3slices) was defined as %EL3slices = (the sum 
of the number of negative pixels for the endolymph in 
the ROIs on the 3 slices divided by the total number of 
pixels in the ROIs in the 3 slices) × 100.

Statistical analysis
The correlation between the %ELvolume and the 

%EL3slices or the %EL1slice was evaluated by Pearson 
correlation coefficient for both the cochlea and the 
 vestibule over all 40 ears. A linear regression line was 
calculated by simple regression analysis. The intra-class 
correlation coefficient for the %EL1slice, %EL3slices, and 
the %ELvolume between the two observers was also eval-
uated for the cochlea and the vestibule independently.

Fig. 2. A scattergram of the %ELvolume and the %EL1slice or the %EL3slices for the cochlea by observers A and B. A strong linear cor-
relation was observed between the %ELvolume and the %EL1slice or the %EL3slices of the cochlea for both observers A (a, b) and B (c, d).

ba

c d

Results
A strong linear correlation was observed between 

the %ELvolume and the %EL1slice or the %EL3slices of the 
cochlea (Fig. 2). The Pearson correlation coefficient (r) 
was 0.968 (3 slices) and 0.965 (1 slice) for observer A, 
and 0.968 (3 slices) and 0.964 (1 slice) for observer B 
(P < 0.001, for all). 

A strong linear correlation was also observed between 
the %ELvolume and the %EL1slice or the %EL3slices of the 
vestibule (Fig. 3). The Pearson correlation coefficient 
(r) was 0.980 (3 slices) and 0.953 (1 slice) for observer 
A, and 0.979 (3 slices) and 0.952 (1 slice) for observer 
B (P < 0.001, for all). 

The intra-class correlation coefficient between the 
volume ratios by two observers was 0.994 for the %EL1slice, 
0.997 for the %EL3slices, and 0.997 for the %ELvolume in 
the cochlea, and 0.991 for the %EL1slice, 0.997 for the 
%EL3slices, and 0.996 for the %ELvolume in the vestibule.

Vol. 15 No. 4, 2016
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In both observers, it took 15–20 minutes to contour 
the cochlea and the vestibule on all slices of the MRC 
for the right and left sides.

Discussion
The degree of EHs on MR images has been graded 

using a previously proposed subjective scoring system 
in many studies.11,16–18 However, subjective grading 
using only three categories (i.e., significant, mild, and 
none) might not be sensitive enough to monitor subtle 
treatment effects.10,11,14,19 Quantification of EHs has 
been the goal of several studies.3,11,20 A highly sophisti-
cated method has been proposed using high contrast 
data obtained by IT-GBCM.13 Even for the lower con-
trast images obtained by IV-SD-GBCM, a volume 
quantification method has been reported,14 however it 
required some observer-dependent and time-consum-
ing ROI settings. In the present study, we showed the 
feasibility of estimating the %ELvolume from the 
%EL3slices or the %EL1slice with multiple observers. 

The correlation coefficients of the %EL3slices were 
slightly higher than that of the %EL1slice in the cochlea 
and the vestibule for both observers. It is quite reason-
able that a correlation coefficient increase would be 
observed by increasing the number of slices used in the 
measurement. The small difference in the correlation 
coefficients between the %EL3slices and the %EL1slice, 
might allow for the simple estimation of the %ELvolume 
from the %EL1slice. A less time-consuming and simpler 
image evaluation method might increase the clinical 
feasibility of this method. 

There are some limitations to this study. We did not 
include patients with inner ear anomalies. If the shape 
of the cochlea or the vestibule is deformed, a volume 
 estimation from 1 slice or 3 slices might not be feasi-
ble. This retrospective single center study with a small 
number of patients might have included some patient 
selection bias. Although we controlled the ROI placement 
by carefully outlining a detailed instruction for contour-
ing, the method used in the present study is still suscepti-
ble to observers’ ROI placement variability. An automatic 

Fig. 3. A scattergram of the %ELvolume and the %EL1slice or the %EL3slices for the vestibule by observers A and B. A strong 
linear correlation was observed between the %ELvolume and the %EL1slice or the %EL3slices of the vestibule for both observers 
A (a, b) and B (c, d).

ba

c d
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bias free segmentation method should be developed in  
the future.11

Conclusion
The endolymphatic volume ratio might be easily 

estimated from area ratio measurements on only 1 or 
3 slices. This simple method might further promote 
the widespread use of quantitative MR imaging for the 
evaluation of EHs. 

Acknowle dgments
This study was partly supported by Grants-in-Aid 

for scientific research from the Japanese Society for 
the Promotion of Science (JSPS KAKENHI, numbers 
25293263) to S.N. 

References
 1. Gurkov R, Flatz W, Louza J, Strupp M, Krause E. In 

vivo visualization of endolyphatic hydrops in patients 
with Meniere’s disease: correlation with audioves-
tibular function. Eur Arch Otorhinolaryngol 2011; 
268:1743–1748.

 2. Nakashima T, Naganawa S, Sugiura M, et al. Visualization 
of endolymphatic hydrops in patients with Meniere’s 
disease. Laryngoscope 2007; 117:415–420.

 3. Pyykkö I, Zou J, Poe D, Nakashima T, Naganawa 
S. Magnetic resonance imaging of the inner ear in 
Meniere’s disease. Otolaryngol Clin North Am 2010; 
43:1059–1080.

 4. Naganawa S, Yamazaki M, Kawai H, Bokura K, Sone 
M, Nakashima T. Visualization of endolymphatic 
hydrops in Ménière’s disease after intravenous admin-
istration of single-dose gadodiamide at 1.5T. Magn 
Reson Med Sci 2013; 12:137–139.

 5. Naganawa S, Yamazaki M, Kawai H, Bokura K, Sone 
M, Nakashima T. Three-dimensional visualization of 
endolymphatic hydrops after intravenous administra-
tion of single-dose gadodiamide. Magn Reson Med Sci 
2013; 12:147–151.

 6. Naganawa S, Yamazaki M, Kawai H, Bokura K, Sone M, 
Nakashima T. Visualization of endolymphatic hydrops in 
Ménière’s disease after single-dose intravenous gadolin-
ium-based contrast medium: timing of optimal enhance-
ment. Magn Reson Med Sci 2012; 11:43–51.

 7. Naganawa S, Yamazaki M, Kawai H, Bokura K, Sone 
M, Nakashima T. Visualization of endolymphatic 
hydrops in Ménière’s disease with single-dose intrave-
nous gadolinium-based contrast media using heavily 
T(2)-weighted 3D-FLAIR. Magn Reson Med Sci 2010; 
9:237–242.

 8. Naganawa S, Yamazaki M, Kawai H, Bokura K, Sone M, 
Nakashima T. Imaging of Ménière’s disease after intra-
venous administration of single-dose gadodiamide: utility 
of multiplication of MR cisternography and HYDROPS 
image. Magn Reson Med Sci 2013; 12:63–68.

 9. Naganawa S, Suzuki K, Yamazaki M, Sakurai Y. Serial 
scans in healthy volunteers following intravenous 
administration of gadoteridol: time course of contrast 
enhancement in various cranial fluid spaces. Magn 
Reson Med Sci 2014; 13:7–13.

10. Naganawa S, Suzuki K, Nakamichi R, et al. Semi-
quantification of endolymphatic size on MR imaging 
after intravenous injection of single-dose gadodiamide: 
comparison between two types of processing strate-
gies. Magn Reson Med Sci 2013; 12:261–269.

11. Naganawa S, Nakashima T. Visualization of endo-
lymphatic hydrops with MR imaging in patients with 
Ménière’s disease and related pathologies: current 
status of its methods and clinical significance. Jpn J 
Radiol 2014; 32:191–204.

12. Naganawa S, Kawai H, Ikeda M, Sone M, Nakashima 
T. Imaging of endolymphatic hydrops in 10 minutes: 
a new strategy to reduce scan time to one third. Magn 
Reson Med Sci 2015; 14:77–83.

13. Gurkov R, Berman A, Dietrich O, et al. MR volumet-
ric assessment of endolymphatic hydrops. Eur Radiol 
2015; 25:585–595.

14. Naganawa S, Ohashi T, Kanou M, Kuno K, Sone M, 
Ikeda M. Volume quantification of endolymph after 
intravenous administration of a single dose of dadolin-
ium contrast agent: comparison of 18- versus 8-minute 
imaging protocols. Magn Reson Med Sci 2015; 
14:257–262.

15. Committee on Hearing and Equilibrium guidelines for 
the diagnosis and evaluation of therapy in Ménière’s 
disease. American Academy of Otolaryngology-Head 
and Neck Foundation, Inc. Otolaryngol Head Neck 
Surg 1995; 113:181–185.

16. Kato M, Sugiura M, Shimono M, et al. Endolymphatic 
hydrops revealed by magnetic resonance imaging 
in patients with atypical Meniere’s disease. Acta 
Otolaryngol 2013; 133:123–129.

17. Nakashima T, Naganawa S, Pyykko I, et al. Grading 
of endolymphatic hydrops using magnetic resonance 
imaging. Acta Otolaryngol Suppl 2009; 5–8.

18. Yoshida T, Teranishi M, Kato M, et al. Endolymphatic 
hydrops in patients with tinnitus as the major symptom. 
Eur Arch Otorhinolaryngol 2013; 270: 3043–3048.

19. Suga K, Kato M, Yoshida T, et al. Changes in endo-
lymphatic hydrops in patients with Ménière’s disease 
treated conservatively for more than 1 year. Acta 
Otolaryngol 2015; 135:866–870.

20. Naganawa S, Nakashima T. Cutting edge of inner ear 
MRI. Acta Otolaryngol Suppl 2009; 15–21.

Vol. 15 No. 4, 2016


