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Abstract
BACKGROUND: Artificial electronic cochlear (AEC) is a high-tech product
used as a therapeutic substitute for pathological cochlear, and the implanta-
tive state of AEC can be assessed with the aid of imaging techniques.
OBJECTIVE: To investigate the significance of CT and X-ray examination
in the evaluation of preoperative selection and postoperative therapeutic re-
sult of patients with AEC implantation.

DESIGN: Self-control observaton.

SETTING:Auditory Rebuilding Ward of Otolaryngology Department, Zhu-
jiang Hospital, Southern Medical University.

PARTICIPANTS Forty-four patients prepared for AEC implantation be-
cause of severe sensorineural hearing loss or extremely severer sensorineural
hearing loss were recruited from the Otolaryngological Department, Zhujiang
Hospital, Southern Medical University from January 1999 to June 2003.
Thirty-two patients were with prespeech hearing loss, aged 2.5-12 and 12
patients with postspeech hearing loss , aged 10-42.

METHODS: Acxial high-resolution temporal bone CT and three-dimensional
reconstruction of inner ear were performed on 44 patients. They lay in supine
position and received bilateral symmetric scanning with view of 9.6 cm. The
baseline was set at the level of upper limit of auditory frame, and temporal
bone was axially scanned. The scanning parameters were thickness of 1 mm
spiral distance of 1.0 and interval of 0.5 mm; inserting rebuilding was per-
formed after scanning with thickness of Imm and interval of 0.1 mm. The
improved routine cochlear axial stenves-X-ray image was performed after op-
eration, and three patients underwent spiral CT temporal volume scanning
due to suspicious postoperative complications.

MAIN OUTCOME MEASURES O Preoperative inner ear structure. @
Postoperative inner ear and the arrangement and depth of implanted AEC.
RESULTS:

formed according to intention-to-treat analysis. (1) Preoperative inner ear

Totally 44 patients were remained in the result analysis per-

structure: Of the 32 patients with prespeech deafness, 1 case (2 ears) was
diagnosed as type I Mondini malformation and 2 cases (4 ears) as type II
Mondini malformation . Of the 12 patients with postspeech deafness , chron-
ic suppurative otitis meadia was observed in 2 cases (4 ears ) , inner ear os-
sification in lcase (2 ears ), large vestibular aqueduct syndrome in 3 cases(6
ears) and cochlear sclerosis in 1 case (2 ears). @Postoperative inner ear and
the arrangement and depth of implanted AEC image of X-ray indicated that
the electrode was implanted right in cochlea displaying planar spiral shape
and located at the bottom of inner-ear channel. Postoperative CT scanning
was performed on 3 cases and revealed that electron was implanted into the
bottom surroundings through round window and the electrode got twisted
and infected in one cases.

CONCLUSION:  (DAxial high-resolution temporal bone CT scanning and
three-dimensional reconstruction of inner ear can be adopted before AEC
implantation for screening out acute and chronic suppurative and severe
otitis meadia, server maformation of inner ear labyrinth. 2Postoperative X-
ray image can afford clues to know the position and depth of implanted AEC
and find out the twist and olithy of electrode, if any CT and cochlea image
are supplemented for preoperative case selection and postoperative thera-
peutic evaluation, helping AEC to exert auditory function to the maximual
degree.
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INTRODUCTION

In recent years, artificial cochlea implantation has been widely ap-
plied in the country and proved of satisfactory outcome in patients
with severer hearing loss giving hope for them to leave silent world
and study like normal one. In the study, CT scanning was used to
make evaluation on the preoperative case selection and postopera-
tive outcome of AEC implantation.

SUBJECTS AND METHODS

Subjects

Patients with hearing loss were recruited from the Otolaryngological
Department; Zhujiang Hospital Southern Medical College from Jan-
uary 1999 to June 2003. Inclusion criteria: (D Servere or extremely
severe sensorineural hearing loss. @Prepared for AEC implantation.
3 Of either gender.@ Informed consent was obtained from patients
or their relatives. Exclusion criteria: tympanitis and inner-ear mal-
formation.Thirty-two patients who became hearing loss before
speech were of the age of 2.5-12 years old and 12 patients who got
hearing loss after speech were of the age of 10-42 years old.
Methods

Axial high-resolution temporal bone CT and three-dimensional re-
construction of inner ear were performed before implantation, im-
proved routine cochlear axial stenves-X-ray image was performed
after operation and three patients underwent spiral CT temporal
volume scanning due to suspicious postoperative complications.

CT machine was GE Hispeed CT/I, and working platform was GE
Advantage widows 2.0 image analysis system. Patients lay in supine
position children who could not cooperate were scanned in sleep
induced by oral administration of 10% hydrochloride 5-10 mlL.
Scanning image was performed with lateral as target scanning the
view was 9.6 cm and the baseline was set at the level of upper
limit of auditory frame, and temporal bone was axially scanned. The
scanning parameters were thickness of Imm spiral distance of 1.0
interval of 0.5 mm and inserting rebuilding was performed after
scanning with thickness of Imm and interval of 0.1 mm. All data
were transported to work platform where CT-inner software was pro-

cessed to make three-dimensional reconstruction of inner ear.

RESULTS

Quantitative analysis of the participants

Totally 44 patients were remained in the result analysis performed
according to intention-to-treat analysis.

Preoperative inner ear structure

Of the 32 patients with prespeech deafness, basically normal inner-
ear structure could be observed in 28 cases 1 case (2 ears) was
diagnosed as type I Mondini malformation, whose undeveloped bi-
lateral cochlea seemed like a small sac the horizontal semicircular
cannel was inosculated with neighboring vestibule into big sac, and
the upper and anterior semicircular cannel were shortened. Two
cases (4 ears) were diagnosed as type Il Mondini malformation
whose poorly developed cochlea only spiraled 1.5 circles and the
upper circle and middle circle were inosculated into sac, but the bot-

tom circle obviously were enlarged and the semicircular cannel was
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deformed with the bottom of inner-ear channel enlarged!”. The above
malformation of inner ear could be displayed directly on the CT im-
age of three-dimensional reconstruction. No Michel malformation
could be observed in this study; however, Alexander and Scheibe
malformation are in the blind region of image examination.

Of the 12 patients with postspeech deafness, snormal inner ear
structure could be observed in 5 cases Large vestibular aqueduct
syndrome was observed in 3 cases (6 ears), cochlear sclerosis inl
case (2 ears) and chronic suppurative otitis meadia in 2 cases (4 ears),
where we observed that gas in middle-ear cavity, tympanic sinus
and papillary gas sinus disappeared with fluid accumulated in it.
Inner-ear ossification was observed in 1 case (2 ears).
Postoperative examination of semicircular cannel, vestibular,
cochlea (containing electron) and inner ear channel

X-ray indicated that the upper semicircular cannel was in vertical
hyalinecircular shape while outer semicircular cannel was in hori-
zontal hyaline circle circular shape both of them were connected ,
forming a round hyaline region namely vestibula which linked
with inner-ear channel on the outside. Cochlea electrode was im-
planted in the cochlea like two-dimensional spiral located at the
bottom of inner-ear cochlea.

In the study,
cases electrode was implanted into the cochlea surroundings

postoperative CT examination was performed in 3

through round window. CT can reflect not only the implanted elec-
trode, but also the pathological changes in middle ear and papil-
lary.  One patients developed purulent tympanitis with electrode
twisted in cochlea and AEC was re-implanted in the opposite side
after the infection was controlled.

DISCUSSION

AEC is an artificial substitute for pathological cochlea which can
produce electric signals with the aid of sound-electricity exchang-
ing device thereby inducing auditory sense by stimulating the
residual auditory neurofibers. Preoperative image evaluation aims
to select those who fit for AEC implantation and focus mainly on
screening out acute and chronic tympanitis and severe malforma-
tion of inner-ear bone labyrinth because they might be the con-
traindications of AEC implantation ?3.  AEC is the last choice for
patients with large vestibular aqueduct syndrome.

Spiral CT three-dimensional reconstruction is to outline the inner
ear structure based on the operator’ s understanding and the pri-
mary axial two-dimensional images which was then transformed
into three-dimensional images with CT-inner software directly re-
flecting the inner ear structure and congenital malformation of
bone labyrinth. Overlapped scanning and ultra-thin layer insert re-
building can produce images of high-quality. Three-dimensional
images should be observed in multiple directions in order to re-
flect its stereoscopic configuration. As for the anatomical details of
inner-ear, such as the relationship between cochlea and inner-ear
cochlea bottom, cochlea and the round windows-middle ear as well
as the relationship between vestibula and inner-ear cochlea,
vestibula and semicircular cannel, vestibula and oval window-mid-
dle ear all can be revealed perfectly in multiple angles and as-
pects. CT can be used to screen out acute and chronic tympanitis,
cochlea ossification and various malformations of inner-ear bone
labyrinth.  As for patients with cochlea fiberosis and ossification,
MRI is more preferable and objective tahn CT three dimensional
reconstruction in reflecting cochlea, vestibula and semicircular
cannel; therefore , preoperative CT is not enough and should be
supplemented by MRI three dimensional reconstruction 3. Al-
though AEC implantation is successful, there are still 7% abnor-
mal images can be observed so it is necessary to conduct X-ray

examination if distant controlling detection of nervous reaction is

unavailable during the operation'®. Cochlea image can provide e-
nough information about the position of implanted electrode, im-
planted depth and whether there are twist and olisthy of electrode.
Hence, as an routine postoperative evaluating means, postoperative
CT can reflect the position of implanted electrode in the cochlea
tube but only a part of it can be reflected in each layer and it is
difficult to make general evaluation about the implanted cochlea
and therefore, it is the cochlea plane image but not CT that is
preferable to assess the implanted electron position. Those who are
suspicious of having postoperative complications should be sub-
jected to CT scanning which can clearly reflect not only the im-
planted electrode, but also the structure of middle ear, papillary
and the pathological changes.

REFERENCES

1 Zhu J Wen ZB,Nie SK.et al.Evaluation of multichannel cochlear implantation.
Linchuang Fangshexue Zazhi ( ) 2002 21 10 774

2 House WF,Berliner KI.The cochlear implant.Otolaryngol.Clin North Am 1982;
15(4):917-23

3 Klein HM,Bohndorf K,Hermes H,et al.Computed tomography and magnetic res-
onance imaging in the preoperative work-up for cochlear implantation.Eur J
Radiol 1992;15(1):89-92

4 Ellul S,Shelton C,Davidson HC.et al.Preoperative cochlear implant imaging: is
magnetic resonance imaging enough?Am J Otol 2000;21(4):528-33

5 Murugasu E,Hans P,Jackson A.et al.The application of three-dimensional mag-
netic resonance imaging rendering of the inner ear in assessment for cochlear
implantation.Am J Otol 1999;20(6):752-7

6 Gastman BR,Hirsch BE ,Sando Let al.The potential risk of carotid injury in
cochlear implant surgery.Laryngoscope 2002;112(2):262-6

CT X

510282
1966 1988
CT X
1999-01,2003-06
44 32 2.5~12 12
10~42
44 CT
9.6 cm
1 mm 1.0
0.5 mm 1 mm 0.1 mm
X 3
CT
@® @
44 o))
32 1 2 Mondini 1 2 4
Mondini I 12 2 4
1 2 1 2 3 6
@ X
3 CT
1
@ cT
@
X
CT
:R764.21 A :1671-5926(2005)30-0222-02
X
Ul 2005 9 30 222-3 www.zglckf.com]

(Edited by Wang D/Song LP/Wang L)



