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SUMMARY

OBJECTIVE: This study aims to investigate the application value of magnetic resonance (MR) hydrography of the inner ear in 
cochlear implantation.

METHODS: 146 patients were enrolled. MR hydrography and spiral CT examinations for the intracranial auditory canal were performed 
before surgery, and all imaging results were statistically analyzed in order to explore the application value of MR hydrography of the 
inner ear in cochlear implantation.

RESULTS: 146 patients (292 ears) were examined. Among these patients, 13 were diagnosed with abnormal vestibular aqueducts (20 
ears) by MR hydrography, while five were diagnosed with this disease by CT; 15 patients were diagnosed with inner ear malformation 
(19 ears) by MR hydrography, while 11 were diagnosed by CT (four were misdiagnosed); five patients were diagnosed with internal 
acoustic canal stenosis (eight ears) by MR hydrography, while two were diagnosed by CT (three were misdiagnosed); and four patients 
were diagnosed with cochlear fibrosis (five ears) by MR hydrography, while four were diagnosed by CT (four ears). The correct rate of 
diagnosis was 77.40% (113/146) based on CT, while the rate was 93.84% (137/146) based on MR hydrography.

CONCLUSIONS: MR hydrography imaging technique can be applied to the preoperative evaluation of cochlear implantation, providing 
accurate and reliable anatomic information on the inner membranous labyrinth and nerves in the internal acoustic canal and an accurate 
basis for the diagnosis of cochlear fibrosis and nerve development. This has a guiding significance for the selection of treatment schemes.

KEYWORDS: Magnetic Resonance Hydrography of Inner Ear Imaging; Cochlear Implants; Clinical Application Value.
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INTRODUCTION

Cochlear implantation (CI) is the most effective 
means of rehabilitation for patients with severe and 
very severe sensorineural hearing loss. Preoperative 
imaging examination is the basis for understanding 
the condition and characteristics of important ana-
tomical regions related to surgery.1 CI requires the 
surgeon to have enough and detailed understanding 
on the structures and pathological changes in the 
inner ear of patients, develop a comprehensive treat-
ment scheme, and select the most suitable electronic 
cochlear implant and electrode before surgery.4 Sur-
geons need to ensure the presence of inflammation 
and mastoid gasification, morphology, patency, and 
basal turn of the cochlea in the inner ear by imaging 
tests. However, due to limited density resolution, spa-
tial resolution and other technical factors, traditional 
plain X-ray films and spiral CT (computerized tomog-
raphy) examinations could not clearly and accurately 
display changes of the structure and function of the 
membranous labyrinth in the inner ear5, and could 
not provide accurate and reliable information for the 
preoperative evaluation of CI.

MR hydrography images use the static or slowly 
flowing fluids in the body, so the imaging mainly con-
sists of fluid-containing structures. MR hydrography 
exhibits hyperintense signals mainly through the T2 
relaxation values of water, while the T2 relaxation 
values of the surrounding tissues show hypointense 
signals. Thus, this improves the resolution of the MRI 
device on tissues. The T2 relaxation value of water is 
higher than that of other tissues in the human body, 
and the T2WI sequence where the weight of T2 is very 
heavy can make the transverse magnetization vector 
of other tissues close to the total loss. Hence, signals 
could not be collected, while the long T2 relaxation 
value of water can maintain a large value of the trans-
verse magnetization vector. Therefore, the signals 
collected by MRI are mainly from water structures 
with large transverse magnetization vector values.6 
This is the hydrography (water imaging) technology. 
Compared with MRI, it does not need direct or intra-
venous contrast, and it is very suitable for the imaging 
of fluid-containing structures 6.

Magnetic resonance (MR) hydrography of the inner 
ear adopts special imaging technology that focuses 
on signals on the water to clearly display the fine and 
complex structures contained in it, such as the inter-
nal labyrinth structure, internal acoustic canal, and 
vestibulocochlear nerve. Hence, it is of great value 

for the preoperative evaluation of CI.2 Conventional 
cochlear implant is a surgical procedure performed on 
the posterior tympanum through a transmastoid facial 
recess approach that opens the facial nerve recess and 
exposes the round window niche and round window 
membrane. Finally, the electrode is implanted into 
the cochlea tympanic canal. On account of narrow-
ness and large variations in the anatomical structure 
of the facial recess, it frequently presents tremendous 
difficulties and increasing lesion risks to the tympa-
num and facial nerves. Therefore, the observation and 
assessment by preoperative fossa temporal scanning 
are of great significance. Prof. Xuebin He et al. mea-
sured facial recess sizes and made a comparative anal-
ysis based on anatomical data 15. The results revealed 
there was no statistical variation between them. It is 
deemed that the fossa temporal contributed to preop-
erative observing and measuring the facial recess size; 
the structures involved were the pyramid segment of 
the facial nerve, posterior wall of external auditory 
foramina, fenestra cochleae, and osseous labyrinth, 
which in the normal inner ear could be vital anatomic 
landmarks for operation reference.

However, despite the complicated and meticulous 
structures of the osseous labyrinth in the normal inner 
ear and other nerves as well as its deep position in 
the petrous bone, it is difficult to identify and probe 
the lesions in detail. The effects of conventional CT 
detection are not acceptable for diseases in the inter-
nal ear, including cochlear fibrosis, congenital malfor-
mation, and neuropathy. We have been trying to use 
3D-FIESTA-C high spatial resolution and SNC (Sun 
Nuclear Corporation) as well as clear images of blood 
vessels and nerves, to measure the facial recess size 
associated with HDCT (high definition computerized 
tomography) scan. It not only clearly displayed both 
the inner ear labyrinth artery and nervus vestibulo-
cochlear but also revealed the association between 
them.3

In this study, the application value of MR hydrog-
raphy of the inner ear in cochlear implantation was 
evaluated. Details are reported as follows.

METHODS
Clinical data

After screening, 146 patients who underwent CI in 
our hospital from January 2012 to January 2014 were 
enrolled in this study. Among them, 85 were male, and 
61 were female; their ages ranged from eight months 
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to 49 years (average: 6.5 ± 1.6 years). Among these 
patients, 112 had congenital sensorineural hearing 
loss, nine had drug-induced deafness, 15 had post-
lingual deafness, and 10 had unexplained deafness. 
All patients were confirmed with bilateral severe 
sensorineural hearing loss by audiological examina-
tion and received CI. Furthermore, 82 patients chose 
implantation on the right side, and 64 chose it on the 
left side. Moreover, 68 patients were implanted with 
a Nucleus 24M contour electrode, 21 with a 90K arti-
ficial cochlea (AB, USA), 25 with a Combi-40 cochlear 
implant (Med-EL), 16 with a Pusal implant, and 32 
with a CS-10A implant (Nuoerkang).

Experimental methods
Data were collected before surgery. Routine 

audiological examinations were initially performed: 
all patients underwent brainstem auditory-evoked 
potentials (BAEP), otoacoustic emission (OAE), acous-
tic impedance, and auditory steady-state response 
(ASSR); and the 40-Hz auditory event related potential 
(AERP) and brainstem electric response audiometry 
(BERA) could be additionally performed. Adult patients 
with postlingual deafness needed to undergo BERA 
independently. Audiological examinations revealed 
that all patients had preoperative ≥95 d Bn HL, and 
did not elicit bilateral OAE, while some patients elic-
ited ASSR.

Next, MR hydrography was performed. Patients 
were placed in the supine position, the skull was 
placed in the middle, and both ears were kept sym-
metrically. Children with good cooperation did not 
require special surgeries. For infant patients, doc-
tors asked the family to help the infants to fall asleep 
more easily or gave the infant sedation before the 
examination. Examinations were performed using 
the 3.0T GE Signa HDx MRI scanner in our hospital. 
The head of the patient was fixed with an 8-chan-
nel head array coil for MRI. The range of scanning 
included the petrous part and the head of the tem-
poral bone. A three-dimensional fast advanced spin-
echo (FASE) sequence was used to scan the region of 
interest transversely. The parameters of hydrography 
scanning of the inner ear were set as follows: slice 
thickness was set at 0.8 mm, the gap between slices 
at 0.4 mm, the number of slices at 64, TE at 2.5 ms, 
TR at 6.5 ms, FOV at 16×16 mm, and the scan matrix 
was set at 512×256. MRI image data were acquired 
twice. The original MRI images of the temporal bone 
were three-dimensionally reconstructed using an 

image processing software with maximum intensity 
projection (MIP). Next, the MIP hypointense signals 
of the surrounding tissues around the inner ear were 
cleared off using the workstation software. Finally, 
only the image of the region of interest was retained. 
The three-dimensional hydrography images of the 
inner ear in multiple axial planes were acquired by 
rotating the images 30-180°.

Thin-slice CT scanning of the temporal bone was 
performed using the GE Hi-speed spiral CT in our 
hospital. More attention was given to the patient’s 
vestibular aqueduct, facial nerve, semicircular canal, 
vestibule, and cochlea during scanning. Scanning 
parameters were set as follows: slice thickness was 
set at 1.0 mm, the gap between slices at 1.0 mm, 
tube voltage at 120 kV, tube current at 200 mA, win-
dow width at 3,500 HU, and the window was set at 
500 HU.

Diagnostic criteria
MRI diagnostic criteria
(1) Large Vestibular Aqueduct Syndrome
Reflected by the enlargement of the saccus lym-

phaticus, i.e., the maximum width of the midpoint 
of the internal part of the endolymphatic sac bone 
greater than 1.5 mm.

(2) Cochlear malformation
The absence of the cochlea, vestibule, or semi-

circular canal is reflected by the hyperintensity in 
the imaging.

(3) Narrowed internal auditory canal
Reflected by the narrow diameter of the internal 

auditory canal, which is < 2 mm.
(4) Fibrosis of the cochlea
Reflected by the decreased hyperintensity and the 

asymmetrical signal of the cochlea.

CT criteria
(1) Large Vestibular Aqueduct Syndrome
Reflected by the enlargement of the middle of the 

vestibular aqueduct (greater 2 mm).
(2) Cochlear malformation
The absence of the cochlea, vestibule, or semi-

circular canal is reflected by the high density in 
the imaging.

(3) Narrowed internal auditory canal
Reflected by the narrow diameter of the internal 

auditory canal, which is < 2 mm.
(4) Fibrosis of the cochlea
Reflected by the increased density of the cochlea.
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Statistical processing

Statistical analysis was performed using IBM 
SPSS19.0 statistical software. Measurement data were 
expressed as mean ± standard deviation (  ± SD) and 
were evaluated using the t-test. Count data were eval-
uated using the X2-test. The inspection level was set as 
α=0.05. P<0.05 was considered statistically significant.

Results
Among the 146 patients (292 ears), 95 were con-

firmed with abnormal ears by surgical treatment. 
Among these, 13 patients were diagnosed with abnor-
mal vestibular aqueducts (20 ears) by MRI, while five 
were diagnosed with this disease by CT; 15 patients 
were diagnosed with inner ear malformation (19 
ears) by MR hydrography, while 11 were diagnosed 
by CT (four were misdiagnosed); five patients were 
diagnosed with internal acoustic canal stenosis (eight 
ears) by MR hydrography, while two were diagnosed 
by CT (three were misdiagnosed); and four patients 
were diagnosed with cochlear fibrosis (five ears) by 
MR hydrography, while four were diagnosed by CT 
(four ears). The correct rate of diagnosis was 77.40% 
(113/146) based on CT, while this rate was 93.84% 
(137/146) based on MR hydrography.

Comparison of the results of spiral CT and MR 
hydrography in all patients
Detection results of abnormal ears by spiral CT, 

MR hydrography, and combined examination were 
acquired and compared. The results are shown in 
Table 1.

Table 1 shows that the differences in detection 
rates between spiral CT and MR hydrography, and 
between spiral CT and combined examination, were 
statistically significant (P<0.05). In addition, the MRI 

differences in the detection rate between MRI and CT, 
or between MRI and combined examination, were not 
statistically significant (P>0.05).

Comparison of the detection results of abnor-
mal ears by CT and MRI
Imaging detection results of abnormal ears by CT 

and MRI were collected and compared. These results 
are shown in Figure 1. Figure 1 shows that the differ-
ences in detection rates between MRI and spiral CT, 
and between combined examination and spiral CT, 
were statistically significant (P<0.05).

Comparison of detection rate of cochlear mal-
formation and inner ear canal stenosis by CT 
and MRI
According to the results of both imaging methods, 

the detection rates of cochlear malformation and inner 
ear canal stenosis were collected. The results are 
shown in Table 2. Table 2 shows that the difference 
in the diagnostic accuracy of cochlear malformation 
and stenosis of the inner ear canal between CT and 
MRI was statistically significant (P<0.05).

DISCUSSION

The internal tissues of the membranous labyrinth 
in the human inner ear are full of lymph, and the 
internal acoustic canal is full of cerebrospinal fluid. 
Therefore, the detection of internal tissues of the 
membranous labyrinth and internal acoustic canal 
in the inner ear is strongly sensitive using MR hydrog-
raphy. Hence, this can collect strong signals and is not 
affected by hypointense signals from the surrounding 
bony structure7, thereby allowing the clear and accu-
rate acquisition of images.

TABLE 1. COMPARIsON OF THE REsulTs OF sPIRAl CT AND MR HyDROGRAPHy IN All PATIENTs

Imaging manifestations Abnormal results of spiral CT Abnormal results of MR hydrog-
raphy

Abnormal results of spiral CT 
combined with MR hydrography

Cases (ear) Rate (%) Cases (ear) Rate (%) Cases (ear) Rate (%)
Cochlear malformation 11 3.77 19 6.51 21 7.19
Internal auditory canal stenosis 3 1.03 8 2.74 10 3.42
Cochlear fibrosis and ossification 4 1.37 5 1.71 5 1.71
Enlargement of the vestibular 
aqueduct

7 2.40 20 6.85 21 7.19

Chronic otitis media 5 1.71 19 6.51 20 6.85

Exposed facial nerve 2 0.68 10 3.42 1 0 3.42
Total abnormal ears 31 10.62 81 27.74 87 29.79

Note: Rate = abnormal ears / total ears; Degree of freedom = 3

D:/Youdao/Dict/6.3.69.5012/resultui/frame/javascript:void(0);
D:/Youdao/Dict/6.3.69.5012/resultui/frame/javascript:void(0);
D:/Youdao/Dict/6.3.69.5012/resultui/frame/javascript:void(0);
D:/Youdao/Dict/6.3.69.5012/resultui/frame/javascript:void(0);
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It was found that the preoperative imaging test is 
the only method that can objectively evaluate the con-
ditions and characteristics of the essential anatomic 
regions related to surgery because accurate imaging of 
the structures and functions of the membranous laby-
rinth in the inner ear helps the surgeon select the most 
appropriate treatment and artificial cochlea electrode8. 
Among these, the test results of acute and chronic OM, 
internal acoustic canal malformation, cochlear malfor-
mation, and fibrous ossification can provide the most 
accurate indications for the surgeon. Spiral CT has a 
higher resolution in bone structure and ossification; 
therefore, its detection rates of bony development and 
lesions in the inner ear are high9. However, limited 
by density resolution, spiral CT could only acquire 
images of bony lesions in the bony labyrinth and inter-
nal acoustic canal; it has difficulty in acquiring images 

of soft tissue, cochlear membranous labyrinth, and 
fibrosis. Since the membranous labyrinth’s internal 
acoustic canal in the inner ear are full of lymph fluid 
and cerebrospinal fluid, the MR hydrography tech-
nique could accurately evaluate structural changes in 
the membranous labyrinth and internal acoustic canal 
by acquiring the images of the shapes and distribution 
of the lymph fluid inside and outside10. Specific MRI 
signs could be used for the preoperative evaluation 
of surgical indications: under normal condition, MRI 
image of the internal acoustic canal exhibits cone- and 
tube-shaped hyperintense signals and hyperintense 
cerebrospinal fluid signals. The courses and gaps of 
vessels and nerves are definite. The cochlea exhibits a 
typical spiral snail-like shape, and the alveus utriculo-
sus and saccule are integral, exhibiting a hyperintense 
signal. The semicircular duct exhibits a C shape, and its 

FIGURE 1. X2-TEsT OF THE DETECTION REsulTs OF ABNORMAl EARs By CT AND MRI.

The inspection level was set at α=0.05. P<0.05 was considered statistically significant; Degree of freedom = 3

          Abnormal Results
          Comparison of the detection results of abnormal ears by spiral CT and MRI

TABLE 2. COMPARIsON OF THE DETECTION RATE OF COCHlEAR MAlFORMATION AND INNER EAR CANAl 
sTENOsIs By CT AND MRI
Imaging manifestations Abnormal results of 

spiral CT (percentage in  
Abnormal results of spiral 
CT combined with MR 
hydrography)

Abnormal results of MRI 
(percentage in  Abnor-
mal results of spiral 
CT combined with MR 
hydrography)

Total number of abnor-
mal ears detected by 
spiral CT combined with 
MR hydrography

χ2 P

Cochlear malformation 11 (52.38%) 19 (90.48%) 21 145.326 < 0.001
Internal auditory canal 
stenosis

3 (27.27%) 8 (72.73%) 11 5.699 0.019

D:/Youdao/Dict/6.3.69.5012/resultui/frame/javascript:void(0);
D:/Youdao/Dict/6.3.69.5012/resultui/frame/javascript:void(0);
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margins are smooth.11. Under pathological conditions, 
the MRI performance of dysplasia and malformation of 
the inner ear is the absence of corresponding images. 
Generally, these were Michel and Mondini malfor-
mations.12 The vestibular aqueduct syndrome mostly 
exhibits as abnormal hyperplasia of the endolymphatic 
duct and saccus lymphaticus, which shows hyperin-
tense signals. Furthermore, attention should be paid in 
examining the cochlear nerve during the preoperative 
examination. A clinical trial confirmed that lesions in 
the cochlear nerve were the absolute contraindication 
in CI.13 Spiral CT could not accurately evaluate whether 
the structure of the cochlear nerve changes, while the 
correct diagnostic rate of MR hydrography for cochlear 
nerve lesions is relatively high, showing the changes 
of the neural structure in the internal acoustic canal.14 
This has important significance for determining sur-
gical indications.

MRI demonstrates the shape of the inner ear 
screened by the water composition. It is confirmed 
that the observed effect by MRI is worse than CT; 
while referring to the detection of mastoiditis, MRI 
is similar to CT. The comprehensive imaging of both 
endolymph and perilymph was captured by three-di-
mensional reconstructed MRI, without the bone 
composition. It is equivalent to three-dimensional 
reconstruction imaging by CT, excluding subjective 
dependence. The display of the cochlear duct, scala 
vestibule, and semicircular ducts is much better 
than CT. Besides, MRI is much more sensitive to 
detect the effect of fibro ossification of the internal 
and accurate to estimate pathological lesions than 
CT. Therefore, we believe that the three-dimensional 
reconstruction imaging evaluation method by MRI 
for use concerning the inner ear provided many more 
advantages compared to the single three-dimensional 

reconstruction by CT. In addition, the preoperative 
assessment provided a necessary reference value as 
a surgical supplement.

The limitation of the study is mainly its relatively 
small sample size since there are many kinds of abnor-
malities. A larger sample size can lead to more import-
ant results and conclusions.

CONCLUSION

In summary, the MR hydrography technique can 
be applied to the imaging evaluation before CI, provid-
ing accurate and reliable anatomic information regard-
ing nerves in the membranous labyrinth and internal 
acoustic canal of the inner ear. Furthermore, it pro-
vides an accurate basis for the diagnosis of cochlear 
fibrosis and nerve development and has a guiding 
significance for the selection of treatment schemes.
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RESUMO

OBJETIVO: Este estudo visa investigar o valor da aplicação da hidrografia por ressonância magnética (RM) do ouvido interno no 
implante coclear.

MÉTODOS: Cento e quarenta e seis pacientes foram inscritos. Os exames da hidrografia por RM e do CT espiral para o canal auditivo 
intracraniano foram executados antes da cirurgia, e todos os resultados da imagem foram analisados estatisticamente, a fim de explorar 
o valor da aplicação da hidrografia por RM do ouvido interno no implante coclear.

RESULTADOS: Centro e quarenta e seis pacientes (292 ouvidos) foram examinados. Dentre esses pacientes, 13 foram diagnosticados 
com aquedutos vestibulares anormais (20 ouvidos) pela hidrografia por RM, enquanto cinco pacientes foram diagnosticados com esta 
doença pelo CT; 15 pacientes foram diagnosticados com malformação do ouvido interno (19 ouvidos) pela hidrografia por RM, enquanto 
11 pacientes foram diagnosticados por CT (quatro foram diagnosticados erroneamente); cinco pacientes foram diagnosticados com 
estenose de canal acústico interno (oito ouvidos) pela hidrografia por RM, enquanto dois pacientes foram diagnosticados por CT (três 
foram diagnosticados erroneamente); e quatro pacientes foram diagnosticados com fibrose coclear (cinco ouvidos) pela hidrografia por 
RM, enquanto quatro foram diagnosticados por CT (quatro ouvidos). A taxa correta de diagnóstico foi de 77,40% (113/146) com base 
no CT, enquanto a taxa foi de 93,84% (137/146) com base na hidrografia por RM.
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