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Labyrinthine Ossification
Secondary to Childhood
Bacterial Meningitis:
Implications for Cochlear Implant
Surgery

Of 20 children who underwent cochlear implantation for profound sensorineural
hearing loss secondary to bacterial meningitis, 14 had round-window and cochlear
ossification at surgery. Preoperative polytomography demonstrated ossification in 11 of
these. The incidence of ossification was highest after meningitis secondary to pneu-
mococcal pneumonia. In only one of four children with severe ossification of the labyrinth
was implant surgery unsuccessful. Preliminary results indicate that mild labyrinthine
ossification is not a contraindication to cochlear implantation.

The value of pluridirectional tomography in the diagnosis of ossification of the
membranous labyrinth of the inner ear (labyrinthitis ossificans) has been established
[1]. Diagnosis of this condition has been especially important since the advent of
cochlear implant surgery, yet no large-scale study has been made of the reliability
of polytome diagnosis nor of its clinical impact. We report a series of 20 patients
in whom polytomography was helpful in the evaluation of labyrinthitis ossificans.

Materials and Methods

We reviewed the clinical records, surgical findings, plain films, and polytomes of 20 children
(12 boys and eight girls) who underwent cochlear implantation. Profound sensorineural hearing
loss was secondary to bacterial meningitis. Average age at onset of meningitis was 1 year
10 months (range, 10 months to 3 years 9 months). The causative agent was Hemophilus
influenzae in 12 patients, Diplococcus pneumoniae in six, Neisseria meningitidis in one, and
unknown in one. All patients experienced profound sensorineural hearing loss at the time of
or almost immediately after the meningitis episode. Balance disturbance was a frequent
complication but gradually cleared in all patients. Seizures were an infrequent complication,
and one patient had had left upper extremity paresis, which resolved.

As part of an extensive clinical evaluation [2], polytomography was performed bilaterally in
anteroposterior position at 1-mm intervals. The average age at time of clinical evaluation was
7 years 4 months (range, 3 years and 4 months to 13 years). All patients underwent cochlear
implantation shortly after clinical evaluation, usually within 1 week. At the time of surgery, the
degree of ossification of the round window and scala tympani was recorded. The response
to cochlear implant stimulation was evaluated postoperatively.

Results

The radiographic and surgical findings are summarized in table 1. Ossification of
the cochlear labyrinth was demonstrated by polytomography in 11 and identified
at surgery in 14 of 20 patients. Ossification was demonstrated radiographically in
five of six patients with pneumococcal meningitis; in four of these five, the
ossification was dense (fig. 1). Hemophilus influenzae meningitis resulted in labyrin-
thine ossification in seven of 12 patients; ossification was demonstrated radiograph-
ically in four of these patients and was less marked, revealing mild bony thickening
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pneumococcal meningitis did not occur in those with He-
mophilus influenzae nor in the two patients whose meningitis
was attributable to other organisms.

Only one cochlear implant has failed thus far in these
children, who have been followed for up to 2 years. The failure
occurred in an 8-year-old boy who had pneumococcal men-
ingitis at 2 years of age. Dense ossification of the cochlear
capsule was noted on polytomography (fig. 1) and also was
demonstrated at surgery. The findings were identical to those
in three of four other children who had had pneumococcal
meningitis, whose implants have been successful.

Discussion

Ossification of the membranous labyrinth (labyrinthitis os-
sificans) of the inner ear has been observed secondary to
trauma, tumors, surgery, middle ear infection, toxic and vas-
cular factors, and meningitis [3-15]. The most common cause
of labyrinthitis ossificans is bacterial invasion of the labyrinth,
whether from bacterial otitis media (tympanogenic), meningitis
(meningogenic), or, less commonly, septicemia (hematogenic)
[12]. In meningogenic labyrinthitis ossificans, bacterial spread
from the meninges and cerebrospinal fluid enters the inner
ear via the cochlear aqueduct and the internal auditory canal
[8]. After polymorphonuclear leukocyte invasion, fibroblasts
proliferate and new bone forms in the perilymphatic spaces
in the labyrinth. The result is variable fibrosis and ossification
of the membranous labyrinth.

Sensorineural hearing loss secondary to bacterial meningi-

TABLE 1: Postmeningitic Labyrinthine Ossification in Children
with Cochlear Implants

No. with Ossification

Bacterial Agent Demonstrated by

Polytomography/at
Surgery
Hemophilus influenzae (n=12) . . .. ......... 4/7
Diplococcus pneumoniae (n=6) . . .. ........ 5/5
Neisseria meningitidis (n=1) . .......... ... 11
Unknown(n=1) ....... . ... .. ......... 1Al
Total(n=20)........... .. ... ........ 11/14
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tis is the most common cause of severe acquired hearing loss
in children, occurring in about 11% of affected children [15].
As noted by others [15] and confirmed by us, Hemophilus
influenzae is the most common offending organism. Pneu-
mococcal (Diplococcus pneumoniae) and staphylococcal
meningitis are much less frequent causes of sensorineural
hearing loss. No staphylococcal meningitis occurred in our
patients.

Although much has been written about the clinical and
pathologic assessment of labyrinthitis ossificans, little has
been written about its radiographic assessment. Hoffman et
al. [1] described complex motion tomography in four patients
with tympanogenic labyrinthitis ossificans; extensive to com-
plete bony obliteration of the labyrinth was noted in their
patients. Ibrahim and Linthicum [14] reported eight patients
with labyrinthitis ossificans, including three in whom the di-
agnosis was made ante mortem using polytomography. How-
ever, no large-scale study has been done to assess the
reliability of the polytome in assessing labyrinthitis ossificans
and its clinical implications.

Our results show that polytomography is very reliable in
diagnosing ossification of the labyrinth in postmeningitic chil-
dren; the diagnosis was made radiographically in 11 of 14
children with surgical confirmation of ossification at the time
of cochlear implantation. Of these 11, four had dense ossifi-
cation of the labyrinth, all secondary to had pneumococcal
meningitis (fig. 1). In the other seven patients, minimal ossifi-
cation was identified radiographically as a slight narrowing of
the basal turn of the cochlear lumen (fig. 2).

The cochlear implant is an electronic auditory prosthesis
that has been used primarily in profoundly hearing-impaired
adults [16-18]. Polytomography is used routinely in preoper-
ative evaluation of patients seeking the device [2]. Cochlear
implantation has only recently been performed in children
[19], and there has been some reluctance to implant the
device in patients with evidence of ossification of the labyrinth.
However, our results indicate that cochlear implantation usu-
ally will be successful despite the presence of labyrinthine
ossification. After a maximum 2-year follow-up period, all
children with mild ossification have had successful implants,
according to clinical and audiometric data. Only one child, an

Fig. 1.—Severe labyrinthitis ossificans
in 8-year-old boy deafened at age 2 by
pneumococcal meningitis. Complete os-
sification of cochlear labyrinth.

Fig. 2.—Mild labyrinthitis ossificans in
4-year-old boy deafened at age 3 by He-
mophilus influenzae meningitis. Narrow-
ing of basal turn of cochlea (arrows).
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8-year-old boy deafened by pneumococcal meningitis at age
2, has stopped using his implant. Electrical stimulation in this
group of children showed good correlation, since only the
latter child failed to respond to electronic testing [20].

Because of the high incidence of hearing loss secondary to
meningitis, otologic and audiologic follow-up in postmeningitis
patients is necessary. The diagnosis of labyrinthitis ossificans
is important as a warning of obliteration of key inner-ear
landmarks [1] before mastoid surgery. Moreover, since one
of the four children with dense ossification in our series had
an unsuccessful cochlear implant, this information may alter
the parents’ and physician’s decision to proceed with cochlear
implantation.
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