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ABSTRACT

High-resolution computed tomography (HRCT) and magnetic resonance imaging (MRI) have recently become stan-
dard pre-operative examinations for cochlear implant candidates. HRCT can demonstrate ossification and narrowing of
the cochlea, but subtle calcification or soft tissue obstruction may not be detected by this method alone, and so conven-
tional T2 weighted image (T2W1) on MRI has been recommended to disclose them. In this study, segmental analyses of
the cochlea were made on three-dimensional MRI (3DMRI) and HRCT in order to predict cochlear implant difficulties.

The study involved 59 consecutive patients with bilateral profound sensorineural hearing loss who underwent MRI and
HRCT from November 1992 to February 1998. Etiologies of deafness were meningogenic labyrinthitis (n = 9), tym-
panogenic labyrinthitis (n = 12), and others (n = 38). Pulse sequence of heavy T2WI was steady state free precession and
3DMRI was reconstructed by maximum intensity projection method. HRCT was reconstructed by bone algorithm focus-
ing on the temporal bone. For alternative segmental analysis, cochleas wer e anatomically divided into five parts and each
of them was classified by three ranks of score depending on 3DMRI or HRCT findings.

There was a close correlation by ranks between the total score of the five parts on 3DMRI and HRCT (rs = 0.86,
P<0.001), and a statistically significant difference was identified between causes of deafness in the total score on SDMRI
or HRCT (P<0.001, respectively). There was a significant difference in the score among the five parts on each examina-
tion (P<0.001, respectively), and abnormal findings were more frequent in the inferior horizontal part (IHP) of the basal
turn. Of the 35 patients who underwent cochlear implantation, no one had ossification in the IHP on HRCT and only one
patient had an obstacle to implantation. When no signal void in the IHP on 3DMRI and no ossification in the IHP on
HRCT were assumed to be the criteria for candidacy for cochlear implantation, the true negative rate was 94% and the
false negative rate was 0% ; which fulfilled our goal of establishing feasibility of cochlear implant. The decreased signal or
narrowing of the cochlear part on 3DMRI was thought to indicate slight fibrosis or inflammatory exudate in the cochlea
without signifying difficulties in implantation and the increased attenuation or narrowing of the cochlear part on HRCT
was considered to be primarily ascribed to partial volume averaging effect.

The segmental analysis of the cochlea on 3DMRI and HRCT providesregional information on cochlear implant candi-
dates, i.e. fluid-filled, apparently healthy, cochlea and/or pathological findings such as ossification, fibrosis and so on, and
it isconsequently useful for thefinal decision about candidacy.
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Table 1 Cause of deafness in 59 patients

Cause of deafness No.
Labyrinthitis 21
Meningogenic 9
Tympanogenic 12
Ototoxicity 2
Mitochondrial encephalomyopathy 3
Idiopathy 24
Congenital anomaly 2
Unknown 7
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Fig.1 Three-dimensional magnetic resonance image (3DMRI)
shows anterior oblique aspect of the normal right inner ear
of a 65-year-old woman. The cochleais anatomically
divided into five parts: the inferior horizontal part (IHP),
ascending part (AP), superior horizontal part (SHP), and
descending part (DP) of the basal turn; and the part of the
middle and apical turn (MAT). The anterior semicircular
cana (ASC), lateral semicircular cana (LSC), posterior
semicircular cand (PSC), and vestibule (V).

Table 2 Classification into three categories depending
on 3DMRI or HRCT finding for each segmental part

Score  3DMRI finding HRCT finding

Ossification
or interruption

2 Signal void
or interruption

1 Decreased signal Increased attenuation
or narrowing or harrowing
0 Normal high signal  Normal low attenuation

Note. - Three-dimensional magnetic resonance imaging
(3DMRI) and high-resolution computed tomography (HRCT).
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Fig.2 Thecorrdationtable by ranks on the total score on 3DMRI
and high-resolution computed tomography (HRCT) in 67
ears (rs=0.86, P<0.001).
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Table 3 Cause of deafness and abnormal finding on 3DMRI or HRCT

Cause of
deafness

Meningogenic Tympanogenic ~ Other Total
labyrinthitis  labyrinthitis causes

3DMRI (TS > 0)

Pts% 100 (9/9) 42(512)  28(1/36) 26 (15/57)
Ears%  89(16M8) 20(7/24)  14(172)  21(241114)
MTS (SE) 4.0(0.79)  1.7(065  0.07(0.07) 1.0(0.23)

HRCT (TS > 0)

Pts% 100 (8/8) 60(6/10)  19(316) 50 (17/34)
Ears%  93(14M5) 45(9/20)  16(5/32) 42 (28/67)
MTS(SE) 37(0.77)  15(061)  0.38(0.23) 1.4(0.31)

Note. - Total score(TS), patients(Pts), mean total score(MTS), and standard
error(SE). There was a significant difference between causes of deafness in
the total score of the five parts on 3DMRI or HRCT (P<0.001, respectively).
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B, WE MRS 10 B 6 FUCERE TR 2 072,

I D R 2 B SR Bk o, O SRR, E i
DI LT 5 &, =Xkt MRI &0 #EE CT @
HEPA I T 3 CTH WIS ENA B AR b/
(% 4 Kruska-Wallislfite, P< 0.001).

3 - 3 WFOEGRROEES T (Fig. 3)

3 - 20858, =Xt MRI R g CT ORFHT I
R JEAVE K ORERETH W2 L SEE S N7, Z 2 TR
ZDNE R OBEFEBNZRI LT =Kot MRI w50 #iE CT Clf
FOSHEHTE DA T RAEL, SMiEiEi Lz, €0
KR, Fig. 3R T L HIC=RIEMRI 2 Hifg L 723k 5251
REFTE, A37 2 T3 113 EE o 230200 E
Mz % <, MBTRIZE WERRIE & R W Em 238 - 72
NEZ L O 5EENEFND A a7 % ML & LCToM

spwrt MAT [ 6 ] € | 30
n=42 op |6 [ 7 | 29 |
SHP | 5 | 9 | 28 |
AP [ 5 | 12 | 25 |
IHP 12 | 10 | 20 |
HRCT MAT | 6 | 8 | 21 |
=35 pp 3] 7 ] 25 |
SHP 3| 8 | 24 |
AP 3| 6 | 26 |
IHP [ 4 | 18 | 13 |
[ Score 2 [ Score 1 [ Score 0

Fig.3 The intra-cochlear segmental distribution of 3DMRI
scores (n=42) and HRCT scores (n=35) in patients with
labyrinthitis. There was asignificant difference among the
scores of the five parts on each examination (P<0.001,
respectively) and abnormal findings were more frequently
demonstrated in the IHP.
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Table 4 Result of surgery and IHP score on 3DMRI and
HRCT in 35 patients with cochlear implantation

HRCT
IHP score 2 1 0 —*
2 ND P1N2 ND ND
3DMRI 1 ND PON3 PON2 ND
0 ND PON5 PON19 PON3

Note. — Pathologic cochlea number (Pn) and normal cochlea
number (Nn) at surgery, and no data (ND). inferior horizontal
part (IHP). * IHP scores on HRCT were not able to be assessed.
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Fig.4 A 4-year-old girl with meningogenic labyrinthitis. A.
Anterior oblique aspect of the right inner ear on 3DMRI
shows interruption in the IHP (arrow heads, score=2) and
MAT (asterisk, score=2). B. Axial HRCT of the right
temporal bone reveals small increased attenuation in the
IHP (arrow, score=1). Anterior side (A), right side (R);
the tympanic cavity (TC), externd auditory cana (EAC),
mastoid antrum (MA), middle cranial fossa (MCF), and
posterior crania fossa (PCF).
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Table 5 Assumed criteria depending on IHP score
on 3DMRI and HRCT for cochlear implantation

HRCT
IHP score 2 1 0
2 X - -
3DMRI 1 x + +
0 X + +

Note. — Applicable (+), inapplicable (—), and
absolutely inapplicable( % ).
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Table 6 Diagnostic value of assumed criteria in 32 patients with
cochlear implantation

HRCT
IHP score 2 1 0
2 - 33% (1/3) -
undetermined equivocal  undetermined
3DMRI 1 - 100% (3/3) 100% (2/2)
undetermined reliable reliable
0 - 100% (5/5) 100% (19/19)
undetermined reliable reliable
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