CT of Postmeningitic Deafness: Observations and Predictive
Value for Cochlear Implants in Children
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PURPOSE: To demonstrate CT abnormalities encountered in children with postmeningitic
deafness and to assess the value of CT in the prediction of cochlear implantation difficulties.
METHODS: Thirteen children with postmeningitic deafness were evaluated with high-resolution,
thin-section CT. CT findings were correlated with surgical anatomy at the time of cochlear
implantation, with particular regard to the prediction of implant success. RESULTS: CT findings
included normal scans (3 of 13, 23.1%), cochlear stenosis (5 of 13, 37.7%), cochlear fibroossific
change (1 of 13, 7.7%), cochlear ossification (4 of 13, 30.8%), and osseous hypertrophy at the
round window niche (4 of 13, 30.8%). Nine of 10 patients with abnormal findings had incomplete
or difficult implantations (90%); 7 (88.8%) of these 9 received limited electrode insertions.
CONCLUSION: Attention to subtle otological abnormalities on thin-section CT is helpful in the
prediction of early success or failure of implantation in children with postmeningitic deafness.
Those with CT abnormalities had a 90% risk of incomplete or difficult insertions with a 70% chance
of limited electrode insertion.
Index terms: Meningitis; Hearing; Computed tomography, in treatment planning; Ear, prostheses;
Pediatric neuroradiology
AJNR Am J Neuroradiol 16:103–109, January 1995

Over the last several years, cochlear-implant
technology has become available as a treatment for profound deafness in both adults and
children (1). To date, approximately 1200 children worldwide have undergone implantation
with the Nucleus cochlear implant device
(Communique, Cochlear Corp, winter 1991).
Seventy percent of these patients (815 patients)
are in the United States. Children receive implants for deafness from a variety of causes,
including congenital lesions, bacterial meningitis, and cytomegalovirus infection (2– 4).
Patients with deafness of undetermined cause
have also been given implants. At our medical center we have given implants to a series

of 42 patients from all of these etiologic
groups.
Prospective and retrospective studies have
reported that significant hearing loss develops
in 7% to 29% of patients with meningitis (5). Of
the total worldwide pediatric population receiving implants, approximately 44% have deafness
secondary to meningitis (Communique, Cochlear Corp, winter 1991). Our 13 patients who
had meningitis, as a group, have had more
problems overall than have our patients receiving implants with deafness from other causes.
Many had problems with the surgical implantation itself because of cochlear obstruction (6,
7). In addition, in some patients there are difficulties during device programming, particularly
after incomplete implantation. Many children
with postmeningitic deafness also have cognitive or learning disabilities, which may contribute to postimplantation difficulties (5, 6).
We have evaluated the spectrum of computed tomographic (CT) findings in our patients
with postmeningitic deafness and compared
these with the surgical anatomy at the time of
implantation. Our purpose was to assess ana-
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Fig 1. The Nucleus 22-channel cochlear
implant device. Note the location of the 22electrode array (arrows).
Fig 2. Final surgical placement of the
device. RW indicates round window; ST,
scala tympani; FR, facial recess; and BTC,
basal turn of the cochlea.
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tomic disease using high-resolution CT and attempt to identify the potentially difficult patient
receiving a cochlear implant.
Materials and Methods
Thirteen patients with postmeningitic deafness were
evaluated with high-resolution, thin-section CT before
implantation of the Nucleus cochlear implant device
(Cochlear Corp, East Englewood, Colo).
Imaging
Imaging was done in both axial and coronal planes with
1.5- to 2.0-mm section thicknesses and a bone algorithm
reconstruction technique. One scan from an outside imaging facility included only axial sections with a 3-mm
section thickness. All CT scans were assessed for congenital anomalies, cochlear stenosis, cochlear ossification,
and osseous hypertrophy of the round window niche
(8 –13). The CT scans were interpreted by a single neuroradiologist (M.H.J.) without knowledge of the surgical findings. Structural abnormalities on CT were subsequently
compared with those found at surgery.
Surgical Selection
All patients met the criteria for implantation at our medical center, which are: (a) profound bilateral sensorineural
hearing loss; (b) age of 2 to 17 years; (c) normal general
development; (d) parental and school support systems;
and (e) no medical contraindications to surgery and
implantation.
Implantation Technique
The surgical approach to cochlear implantation consists of a limited mastoidectomy. This is followed by opening of the facial recess and entrance into the round window
with placement of the electrode array into the scala tympani via the basal turn of the cochlea (Figs 1 and 2) (8).
The presence of significant obstruction or narrowing of the

2
basal turn of the cochlea may inhibit the insertion of the full
22-electrode array of the Nucleus device (1, 3, 6, 7, 12,
14). After implantation, the range of hearing frequencies is
programmed over the number of electrodes successfully
inserted. Insertion of 19 or more electrodes is considered a
good insertion, but even a limited number of inserted electrodes generally results in improved hearing (1, 6, 7).

Results
Meningitic labyrinthitis ossificans (labyrinthine ossification) is a postinflammatory process characterized by fibrous tissue proliferation
and ossification within the inner ear (15–17).
For the purposes of our analysis, we chose to
divide our findings into fibroossific change and
cochlear ossification, which are the early and
late findings of meningogenic labyrinthitis ossificans, and into ossification of the round window
niche and cochlear stenosis, which seem to be
more limited manifestations within the spectrum of labyrinthitis ossificans.
The results of our CT analyses and the success of cochlear implantation in our thirteen
children with postmeningitic deafness are detailed in Table 1. Careful review of CT scans
resulted in an interpretation of 3 normal and 10
abnormal examinations. Several patients had
more than 1 abnormal finding on CT evaluation.
The distribution of the CT findings are detailed
in Table 2. The CT scans were analyzed for the
following conditions.
Normal Anatomy
A normal CT scan interpretation indicated
normal configuration of the cochlea without
narrowing, fibrosis, or bone overgrowth (Fig 3).
A normal CT scan did not ensure easy or complete insertion in our patient group (Table 1).
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TABLE 1: Results of CT analysis and cochlear implantation in 13 patients with postmeningitic deafness

Complete
Implantation
(22 Electrodes)

Incomplete or Difficult
Implantation

Postimplant
Difficulties
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TABLE 2: CT findings in patients with postmeningitic diseases
CT Findings
Normal examination
Cochlear stenosis
Fibroossific change
Cochlear ossification
Osseous hypertrophy at the
round window niche

Number of
Patients

Percentage

3
5
1
4
4

23.1
37.7
7.7
30.8
30.8

Cochlear Stenosis
Narrowing of the basal turn of the cochlea
was the most commonly observed finding in our
series of patients (5 of 13 patients) and may
represent the most limited form of labyrinthine
ossification (Fig 4). Narrowing may impede or
preclude complete insertion of the electrode array into the scala tympani.
Cochlear Fibroossific Change (Early
Labyrinthine Ossification)
The fibrotic cochlea demonstrated hazy increased density within the basal turn of the cochlea on CT (1 of 13 patients) (Fig 5). The
pathologic spectrum of fibroossific change
ranges from pure fibrosis to fibrosis with significant osseous deposits. This is the most common finding at surgery, and is most frequently
misinterpreted as normal on CT (7).
Cochlear Ossification (Late Labyrinthine
Ossification)
Discrete focal cochlear ossifications were
demonstrated in 4 of 13 patients (Fig 6). This
probably represents an extension of the pathologic spectrum of fibroossific change. In the
presence of such ossification, extensive drilling
into the scala tympani may be required to
achieve even limited electrode insertion.
Osseous Hypertrophy of the Round Window
Niche
This finding was identified in 4 of 13 patients
(Fig 7). Ossification of the round window niche
requires the surgeon to drill off the obstructing
bone before entering the scala tympani. This
condition may not cause significant difficulty
with insertion of the electrode array if it is not
associated with other cochlear region disease.
This focal disease may also represent a more
isolated (limited) form of labyrinthine ossification.
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Fig 3. A, Axial and B, coronal highresolution CT scans (1.5-mm section thickness) of a normal temporal bone illustrating
the round window niche (RW), the scala
tympani (ST), and the most proximal basal
turn of the cochlea (BTC).

Implantation and Postimplantation Difficulties
Incomplete and difficult insertions were
grouped together for analysis and comparison
with preoperative CT interpretations (Tables 1
and 3). Incomplete implantations were defined
as those in which, despite drilling at the round
window niche or the basal turn of the cochlea,
the entire 22-electrode array of the Nucleus device could not be inserted successfully. Difficult
insertions were defined as those in which significant drilling at the round window or within the
basal turn of the cochlea was required to insert
the complete electrode array. Eleven implantations, among our 13 patients, were in the incomplete or difficult group.
Postimplantation difficulties encountered included migration of the implanted electrode array in one child, requiring reimplantation. A
second patient is currently undergoing evaluation for possible reimplantation. Problems with
device programming were also encountered.
High stimulus levels were required for adequate
device programming, particularly in patients
with limited (less than 10) electrode insertion
(4 of 13). In one patient (S.C.) with a 19-electrode insertion, high stimulus levels were reFig 4. Axial CT images through the right
ear, obtained at 1.5-mm intervals.
A, The scan through the inferior aspect of
the cochlea demonstrates tapered narrowing of the basal turn (arrowheads).
B, More superiorly, a second area of focal
stenosis is visible (arrowheads).

quired, suggesting a decreased neuronal population within the cochlear nerve. One patient’s
(C.W.) hearing improved only when the device
was worn for short periods, because of saturation of the available neural tissue. In total, 7 of
the 11 incomplete- or difficult-insertion patients
had significant postimplantation problems.
Discussion
Ossification of the labyrinth (labyrinthitis ossificans or labyrinthine ossification) is a common histologic end point of severe inflammatory disease of the ear and is often associated
with profound deafness and loss of vestibular
function (15–17). The causes of labyrinthine
ossification may be classified as tympanogenic
(chronic otitis, cholesteatoma, or postsurgical),
meningogenic (bacterial or viral), or hematogenic (mumps or other hematogenous infections) (16, 17).
In a patient with meningitis, infection
spreads from the meninges to the inner ear
via the cochlear aqueduct and the internal
auditory canal. In patients who have had
meningitis and are deaf, the identification of
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Fig 5. Cochlear fibroossific change is
demonstrated bilaterally on these 2-mmthick axial CT images. Hazy increased density is present within the basal turn of the
cochlea (arrowheads). These changes are
most prominent on the right (A). Insertion
was limited to only six electrodes because of
the dense fibrosis encountered at surgery.

new bone formation near the origin of the
cochlear aqueduct (in the basilar turn of the
cochlea) and near the internal auditory canal
(in the apical and middle turns of the cochlea)
are evidence to support this mechanism.
The presence of bacteria within the perilymphatic spaces incites an acute inflammatory response, characterized by leukocyte infiltration
and fibroblast proliferation (initial acute stage).
The fibroblasts are derived from undifferentiated mesenchymal cells located in the endosteum, modiolus, and basilar membrane. Fibroblast proliferation leads to fibrosis within the
labyrinth (fibrotic stage). Some of these mesenchymal cells and fibroblasts differentiate into
osteoblasts, which form ossific deposits within
the labyrinth (ossification stage).
Green et al studied histologic sections of 24
temporal bones with labyrinthine ossificans
(15). In each case, fibrous tissue and new bone
were present within the fluid containing spaces
of the inner ear after an inflammatory insult
(15). Eleven of these patients had meningogenic labyrinthitis. The most common location
for fibrosis and new bone deposition in these
cochlea was within the basilar turn of the scala
tympani. Ossification in this series was found to
extend further into the cochlea in patients with
meningogenic labyrinthitis ossificans than in

those patients with other causative factors. Ossification near the round window membrane
was found in all cases of tympanogenic labyrinthitis but was not specifically mentioned in the
meningogenic group (15). Swartz et al reported
a series of cases of labyrinthine ossification resulting from a variety of causes. Two patients
who had previous bacterial meningitis demonstrated marked labyrinthine ossification (16).
Becker et al presented a series of 20 children
who received cochlear implants as treatment for
profound postmeningitic deafness and who
were assessed with polytomography after surgery. Fourteen of these patients had round window ossification at surgery. These authors described cochlear and round window ossification
as mild forms of labyrinthine ossification (15).
Eisenberg et al reported a series of pediatric
patients who had meningitis, 80% of whom required drilling of round window or scala tympani
ossification at the time of cochlear implantation
(18).
The number of CT scans with no abnormal
findings in our postmeningitic deafness population was small (3 of 13, 23.1%). On axial CT
images, volume averaging at the top or bottom
of the basal turn of the cochlea occasionally
suggested cochlear stenosis. Analysis of coronal images may reduce the incidence of this
Fig 6. Axial images of the A, right and
B, left temporal bones, obtained at 1.5-mm
intervals. There is narrowing of the basal
turn of the cochlea on the right with several
focal ossifications identified within its lumen
(A, arrowheads). On the left, less prominent
cochlear stenosis and focal ossifications are
demonstrated (B, arrowheads).
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TABLE 3: Relation between CT interpretation and quality of implantation

Complete
implantation
Incomplete
or difficult
implantation

Normal CT

Abnormal CT

1

1

2

8

Note.—Two of three were good insertions with more than 19 electrodes.

Fig 7. CT in the axial plane of the left temporal bones demonstrates a large bone overgrowth overlying the round window
niche (arrow).

interpretation error (Fig 8). False-negative interpretation may result from failure to diagnose
the earliest manifestations of labyrinthine ossification—fibroossific change—within the basal
turn. This diagnosis may be particularly difficult
to make when there is little ossification within
the fibrous matrix. In our series, only 1 patient
with CT findings interpreted as normal received
a complete implantation; however, 1 additional
patient received more than 19 electrodes (considered a good insertion). The third patient with
normal CT findings was scanned outside our
institution. The examination was performed at
3-mm intervals, which may have contributed to
a suboptimal assessment in that case. Although
our series of 13 patients is small, a normal,
high-resolution, thin-section CT scan indicated
a high probability of a good insertion.
In several patients in our series a combination
of pathologic findings in the cochlear region
contributed to the management of possible incomplete or difficult insertions. The right ear is
generally selected for implantation. One patient
had bilateral pathologic CT findings that were
worse in the right ear, so the left ear (with the
lesser disease) was chosen (by the surgeon) for
implantation (Fig 9).
Fig 8. A, Midcochlea. Volume averaging
of the basal turn suggests cochlear stenosis
(arrowheads).
B, The direct coronal image demonstrates a normal basal turn.

Of the children with abnormal CT findings in
our series, 9 of 10 experienced incomplete or
difficult insertions, 7 of 10 patients receiving 10
electrodes or less (70%). An abnormal CT scan
was predictive of a 90% probability of a difficult
or incomplete insertion.
Conclusion
A high incidence of cochlear region disease
was identified by high-resolution CT scans of
the temporal bone in a series of pediatric patients with postmeningitic deafness. As demonstrated in our series and others, the changes of
meningogenic labyrinthine ossification range
from mild fibroossific changes within the labyrinth at the earliest, to profound, near-complete
ossification within the cochlea. The ossification
of the round window and the cochlear stenosis
described in our series seem to be more limited
manifestations of labyrinthine ossificans with
deposits at the round window or narrowing the
cochlea, but without the focal central ossifications demonstrated in more advanced cases.
Comparison of the CT analysis with the surgical
and postoperative experience suggests that
preoperative CT can aide clinicians and families
in the anticipation of potential difficulties with
cochlear implantation. Preoperative CT review
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Fig 9. Axial CT of the right (A) and left
(B) temporal bones demonstrate cochlear
stenoses (A, arrows; B, arrowhead). In this
patient, the observation of more extensive
cochlear stenosis on the right led to the selection of the left ear for cochlear implantation. Note the parallel densities representing
the myringotomy tube on the right (white
arrow).

allows the surgeon to anticipate difficulties with
cochlear implantation and to plan the surgery
accordingly.
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