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OBJECTIVES: The aim of the present study was to investigate the effect of the national pneumococcal vaccination program on postmeningitis
sensorineural hearing loss (SNHL).

MATERIALS and METHODS: Overall, 2751 patients (2615 cochlear implantation and 136 auditory brainstem implantation) who underwent co-
chlear implantation (Cl) and auditory brainstem implantation (ABI) at a tertiary referral hospital otolaryngology clinic were retrospectively ana-
lyzed. One hundred sixteen patients with a history of meningitis were included in the study. Patients were evaluated for their age at the time of
surgery, gender, computerized tomography (CT) and magnetic resonance imaging (MRI) findings, implant type, side, and incidence before and
after the vaccination program.

RESULTS: When patients with cochlear implants or ABI were examined, the incidence of meningitis-induced hearing loss was 6.2% in the pre-vac-
cination period and 0.6% in the post-vaccination period. There is a significant difference between them when compared by chi-square test
(p<0.001).

CONCLUSION: The most important finding of the present study is the dramatic decrease in the number of Cl and ABI surgeries performed in pa-
tients with SNHL due to meningitis. This shows the effectivity of pneumococcal vaccination in this special group of patients. If total ossification is
detected on CT of patients with postmeningitis, ABI should be preferred to Cl.
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INTRODUCTION

Meningitis infection is one of the most common causes of acquired sensorineural hearing loss (SNHL) ™. SNHL has been
reported in 10%-23% of patients with meningitis at various grades 2. The most frequent pathogens are Neisseria meningitidis,
Streptococcus pneumoniae, and Haemophilus influenza Bl. Infection in the subarachnoid space progresses to the cochlea via the
internal acoustic canal, hematogenous pathway, and most commonly through the cochlear aqueduct . Meningitis-induced laby-
rinthitis with accompanying inflammation leads to fibrosis and ossification . The ossification that occurs in the labyrinth is called
“labyrinthine ossificans” (LO). Initial involvement of LO is at the basal turn of the cochlea and scala tympani .

Temporal bone computerized tomography (CT) and temporal bone magnetic resonance imaging (MRI) are used as diagnostic tools
in patients with SNHL after meningitis. Ossification is seen as a white area in the cochlea and semicircular canal (SCC) on CT
and a loss of fluid signal on MRI. LO begins within 4-8 weeks after meningitis, and ossification is completed in 5 months 7.

The placement of the entire electrode in a standard cochlear implant (Cl) surgery in patients who begin to develop LO is
usually not possible. For this reason, scala vestibuli insertion, cochlear drill out techniques, and double or split array cochlear
implants are used in various cases ®. More recently auditory brainstem implantation (ABI) has been usedin patients with postmen-
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ingitic complete LO when it was not possible toimplant cochlear
implants. In ABI, the cochlea and cochlear nerve are bypassed, and
the cochlear nuclei are stimulated directly in the brainstem ©.

With the inclusion of S. pneumoniae and H. influenzae vaccinations
in the national vaccination program, reduction of meningitis and
its complications was aimed. In the present study, the effect of the
vaccination program on postmeningitis SNHL, the imaging findings,
were investigated, and the treatment modalities of these patients
were discussed.

MATERIALS and METHODS

Between 1997 and 2, 2751 patients (2615 Cl and 136 ABI) who un-
derwent cochlear implant and ABI at a tertiary referral hospital were
retrospectively analyzed. One hundredsixteen patients with a history
of meningitis were included in the study. Patients were evaluated for
their age at the time of surgery, gender, CT and MRI findings, implant
type, sideof intervention, and also incidence of SNHL before and after
the vaccination program. CT imaging was performed on a 4-channel
multidetector CT scanner (SOMATOM Plus 4 Volume Zoom; Siemens,
Erlangen, Germany). MRI examinations were performed by either a
3T (Allegra; Siemens) or a 1.5 T scanner (Symphony, Siemens) using a
standard head coil. CT scans and MRI examinations of the temporal
bones were analyzed by an experienced neuroradiologist and neu-
ro-otologist using the axial sections.

Table 1. The type of implantation and CT findings

CcT Implantation type (n%)
Cl ABI
No ossification 73 (62.9%) 0
Partial ossification 30 (5.9%) 0
Total ossification 6 (5.2%) 7 (100%)
Total 109 7

CT: computerized tomography; Cl: cochlear implant; ABI: auditory brainstem implantation

Table 2. The type of implantation and MRI findings

MRI Implantation type (n%)
cl ABI
Normal 48 (41.4%) 0
Cochlear fibrosis 54 (46.6%) 7 (100%)
Lateral SCC fibrosis 6 (5.2%) 0
Decrease in scala tympani fluid in basal turn 1 (0.9%) 0
Total 109 7

MRI: magnetic resonance imaging; Cl: cochlear implant; ABI: auditory brainstem
implantation

Table 3. The prevalence of SNHL during pre- and post-vaccination periods

Pre-vaccination Post-vaccination
period period

Incidence of postmeningitis SNHL (n%) 111/1781 (6.2%) 5/844 (0.6%)

P <0.001

SNHL: sensorineural hearing loss

In 2008, the pneumococcal vaccine was included in the national vac-
cination program. To investigate the effect of vaccination on the in-
cidence of meningitis-induced SNHL, two groups were formed from
116 patients with postmeningitis and 2625 patients who underwent
cochlear implant and ABI between 1997 and 2018: patients who had
SNHL and not been vaccinated and born before 2008 (group 1) and
patients who had been vaccinated and born after 2008 (group 2). In-
clusion criteria for group 1 were all of the patients’ medical records
that were searched for pneumococcal vaccination. None of the pa-
tients had a history of vaccination. In order to be in group 2, pneumo-
coccal vaccination was mandatory. CT findings were classified as no
ossification, partial ossification, and total ossification. MRI findings
were classified as normal, cochlear fibrosis, and lateral SCC fibrosis.

Cl or ABI surgeries were performed in patients, and the sides of oper-
ation were analyzed.

Statistical Analysis

Statistical analysis was performed using The Statistical Package for
the Social Sciences (SPSS) 21.0.0 (IBM Corp., Armonk, NY, USA). Chi-
square test was used to compare the effect of the pneumococ-
cal vaccination program on meningitis-induced SNHL. Descriptive
results were analyzed by frequency tables, and patients who un-
derwent surgery for meningitis according to years were analyzed by
Spearman correlation test.

The study protocol was approved by the Hacettepe University Eth-
ics Committee (approval no: GO 18/692-35) in accordance with the
Declaration of Helsinki’s ethical principles on human experimenta-
tion. Written informed consent was not obtained from the patients
since this was a retrospective study conducted from the medical
records of the patients in which the patients’ personal identities
were not revealed.

RESULTS

Of the 116 patients included in the study, 60 (51.7%) were male,
and 56 (48.3%) were female. Of the patients, 111 were born before
2008, and 5 were born after 2008. Patients’ age at the time of sur-
gery was not normally distributed. The minimum is 0, the maximum
is 68, and the median is 13.

When CT images of the patients were examined, no ossification
was found in 73 (62.9%) patients, partial ossification in 30 (25.9%)
patients, and total ossification in 13 (11.2%) patients. MRl showed
normal findings in 48 (41.4%) patients, cochlear fibrosis in 61
(52.6%) patients, fibrosis in lateral SCC in 6 (5.1%) patients, and
decrease in scala tympani fluid in 1 (0.9%) patient in the basal turn.

One hundred nine (94%) patients had Cl, and 7 (6%) patients had
ABI. Fifty seven (49.1%) patients had right-sided implantation, 51
(44%) patients had left-sided implantation, and 8 (6.9%) patients
were treated bilaterally.

Among 109 Cl cases, 73 (62.9%) patients had no ossification find-
ings, 30 patients had partial ossification, and the remaining 6 (5.2%)
patients had total ossification. All ABI cases have total ossification
according to CT findings (Table 1).
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Figure 1. Histogram shows the rate of patients who were implanted due to SNHL
after meningitis for years.

Forty-eight (41.4%) patients had normal MRI, 54 (46.6%) patients had
cochlear fibrosis, 6 (5.2%) patients had lateral SCC fibrosis, and only
1 patient had decreased scala tympani fluid in the basal turn (Table
2).

There was a very strong negative correlation between year and rate
of patients with Cl and ABI due to meningitis (r=—0.837, p<0.001)
(Figure 1). It has to be noted that Cl surgery was started in our de-
partment in November 1997, and only one patient with meningitis
was operated in 1997, yielding 100% incidence for that year.

When the effect of the pneumococcal vaccine on meningitis-induced
SNHL was examined, meningitis-induced SNHL was seen in 111 of
1781 patients who were born before 2008 and underwent cochle-
ar implant or auditory brainstem implant in our clinic. Of the 844
patients born after 2008, 5 have a meningitis-induced SNHL. There-
fore, the pre-vaccination incidence was 6.2%, but after vaccination
decreased to 0.6%. There is a significant difference between the two
groups (p<0.001) (Table 3).

DISCUSSION

N. meningitidis is the most common cause of meningitis infection,
but S. pneumoniae meningitis is associated more frequently with
profound SNHL B, Studies showed that changes in the labyrinth
begin in the very early stage of infection. For this reason, imag-
ing should also be performed early in patients with postmeningitic
SNHL. It is suggested that CT should be done with MRI because CT
imaging alone is insufficient to show the early changes in labyrinth
09, In our study, 62.9% of CT and 41.4% of MRIs had no ossifica-
tion. On MR, cochlear fibrosis was detected in 52.6% of the patients.
MRI showed fibrosis in lateral SCC in four patients with normal find-
ings on CT, and reduced fluid level in the scala tympani of the basal
turn was seen in one patient. For this reason, at the time of diagnosis,
MRI is recommended as the first imaging modality in addition to CT
in postmeningitic SNHL.

Meningitis-related labyrinthitis is associated with hair cell loss and
spiral ganglion damage, followed by ossification. Ossification most
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commonly begins with the scala tympani of the basal turn. Smullen
and Balkany have classified labyrinth ossification based on radio-
logical and surgical findings: round window involvement as grade 1,
basal turn involvement as grade 2, and basal turn involvement >180°
as grade 3 '), In the present study, CT findings were classified as no
ossification, partial ossification, and total ossification (LO).

The cochlear implant is the most effective treatment for profound
SNHL for nearly 40 years. In patients with meningitis, when signs of
cochlear fibrosis begin to develop on MRI, Cl is recommended as
early as possible. The method to be used for implantation varies
according to the degree of ossification. In cases where the basal
turn has incomplete ossification, full insertion of a Cl can be achieved
after the lumen is enlarged with the aid of a drill and various angled
pics. Scala vestibuli insertion, double or split array electrode implan-
tation, and middle and basal turn cochleostomy can be performed
if there is an advanced ossification in the scala tympani and basal
turn. In advanced cases of LO, a circummodiolar drill out is required
for implantation 1'%,

The most important factor determining the benefit of Cl in post-
meningitic SNHL is the degree of ossification. Data from previ-
ous studies showed that the result of cochlear implant is better in
postmeningitic cochlea when there is no ossification. If drill out is
required due to ossification, the benefit is less. However, some data
suggest that patients still benefit from cochlear implants even if they
are not fully inserted into cochlea "> 4,

In recent years, auditory brainstem implantation has become the first
treatment option in patients with total labyrinthine ossificans, begin-
ning to be used as a treatment modality for patients with advanced
sensorineural hearing loss. When the literature is examined, it is seen
that with the education and lip reading, disyllabic word score and
sentence score of LO patients reached to 100% and 93% respectively
after ABI 131,

Since 2006, ABI has been applied in our hospital in patients where
Cl cannot be performed due to severe cochlear anomaly or cochlear
nerve aplasia / hypoplasia. In this study, ABl was applied to all of the 7
postmeningitic patients who were examined after 2008, had LO and
total fibrosis on CT and MRI. The pneumococcal vaccine was included
in the national vaccination program in 2008. In this study, the effect
of pneumococcal vaccine on meningitis induced SNHL was exam-
ined and there was a statistically significant decrease in incidence af-
ter vaccination. Currently, the incidence of patients who underwent
implantation due to meningitis induced SNHL has decreased to 0.6%.
Yet, after 2008 we had 7 patients with postmenengitic SNHL, most
probably due to other rare causes of meningitis or broken vaccine
cold chain. Nevertheless, this marked decrease in incidence proves
the effectiveness of national vaccination program.

CONCLUSION

The most important finding of the present study is the dramatic de-
crease in the number of Cl and ABI surgeries performed in patients
with SNHL due to meningitis. This shows the effectiveness of pneu-
mococcal vaccination in this special group of patients.
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