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Objective: To distinguish the patterns of inner ear changes between meningogenic and otogenic routes in meningitis
cases. Our hypothesis is that pinpointing distinct patterns linked to each route could aid in the development of diagnostic strat-
egies and targeted therapies.

Methods: Temporal bones (TBs) from patients with a history of meningitis and histopathological evidence of labyrinthitis
were divided into two groups (otogenic and meningogenic). Inner ear histopathological examination was performed to identify
qualitative and semi-quantitative changes. This assessment encompassed inflammation patterns, indications of early ossifica-
tion, hair cell loss, and alterations in the lateral wall, round window membrane, cochlear aqueduct and vestibular aqueduct.

Results: Thirty-six TBs were included in the study (otogenic, 21; meningogenic, 15). Generalized labyrinthitis was more
common in otogenic cases (100% vs. 53%, p < 0.001). Early signs of cochlear ossification were exclusively observed in
otogenic cases (9 TBs). The spiral ligament of otogenic cases has shown a uniform loss of fibrocytes across all cochlear turns,
while meningogenic cases showed more severe loss in the apical turn. Otogenic cases exhibited a higher prevalence of severe
inflammation of the cochlear aqueduct and endolymphatic sac. Meningogenic cases showed more severe loss of vestibular hair
cells in the otolithic organs.

Conclusion: Otogenic cases displayed a higher prevalence of changes in the spiral ligament and signs of early ossification,
whereas meningogenic cases were associated with a higher degree of vestibular damage. Our findings emphasize the impor-
tance of considering the infection route and its implications for timely diagnosis and development of pathology-oriented treat-

ment strategies.
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INTRODUCTION

Meningitis poses a significant global health chal-
lenge, characterized by substantial morbidity and mortal-
ity rates.? The incidence of meningitis ranges from 0.5
to 207.4 per 100,000 individuals worldwide.? In 2016, a
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total of 2.82 million incident cases were reported glob-
ally.? Sensorineural hearing loss is a prevalent complica-
tion, affecting up to 54% of patients.>™®

Otitis media (OM), a widespread infectious disease,
can progress to bacterial meningitis. In fact, meningitis
emerges as the most frequent (12%—72%) intracranial
complication of OM.® Limited research has explored the
prevalence of otogenic infection among meningitis cases.
A recent study (2024) has identified OM as the cause of
meningitis in 31% of all cases.”

In cases of meningitis, the inner ear can be affected
through two distinct routes. In otogenic labyrinthitis, the
inner ear serves as a “conduit” for the middle ear infec-
tion to reach the meninges. In meningogenic
labyrinthitis, the inner ear is affected retrogradely, either
by direct spread through the inner ear aqueducts or the
modiolus, or by hematogenous spread through the stria
vascularis (SV).57!° Irrespective of the route of infection,
labyrinthine infection can lead to a spectrum of progres-
sive inflammatory changes including labyrinthitis
ossificans. Up to 70% of patients with meningitis who
develop profound sensorineural hearing loss have signifi-
cant cochlear ossification.!! Cochlear ossification poses a
critical surgical challenge for cochlear implantation as it
may prevent the placement of the electrodes. Therefore,
early diagnosis and adequate follow-up are pivotal for
enabling timely and effective prevention and treatment.?
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The literature concerning factors that correlate with
the severity of the intra-cochlear inflammation and subse-
quent hearing outcomes in meningitis is scarce. Previous
studies suggested a potential link between OM and
poorer hearing outcomes in cases of meningitis.'®>1* How-
ever, further confirmation of this association is needed.
This gap in knowledge creates a significant void in our
understanding of the underlying pathophysiological
mechanisms of cochlear ossification and subsequent hear-
ing loss. Consequently, it constrains our ability to develop
improved screening and early diagnosis techniques, as
well as the development of targeted therapies aimed at
preventing its occurrence. Otopathological studies provide
a unique opportunity to investigate these factors in tem-
poral bones (TBs) from patients who had meningitis.

To test the hypothesis that the otogenic route in
meningitis cases is associated with more severe inner ear
inflammation and higher risks of cochlear ossification, we
employed a comprehensive histopathological study proto-
col. The main goal is to assess the patterns and severity
of inner ear changes in patients with meningitis by com-
paring otogenic and meningogenic labyrinthitis cases.
Identifying unique patterns associated with each route of
infection could enhance diagnostic criteria and facilitate
the development of targeted therapies aimed at mitigat-
ing inflammatory changes, ultimately reducing the likeli-
hood of hearing loss and irreversible ossification.

MATERIALS AND METHODS

From the archival TB collection at the Paparella
Otopathology & Pathogenesis Laboratory, University of Minne-
sota, we selected TBs from donors with a history of meningitis.
Human TB studies utilizing our archival collection are Institu-
tional Review Board-exempt (ID:STUDY00003249). All of the
archival TBs had been removed at autopsy and processed using a
standard protocol.'® Briefly, all TBs were fixed in 10% buffered
formalin, decalcified with ethylenediaminetetraacetic acid,
dehydrated with alcohol and embedded in celloidin. Sections in
the horizontal plane at a thickness of 20 pm were made, and
every 10th section was stained using hematoxylin—eosin.

Inclusion criteria were a documented history of meningitis
and histopathological evidence of labyrinthitis. Exclusion criteria
were (1) pre-existing auditory or vestibular dysfunction prior to
meningitis, such as cochlear otosclerosis and Meniere’s disease,
(2) a history of middle or inner ear surgery, including mastoidec-
tomy and cochlear implantation, (3) a history of metastatic dis-
ease, (4) a history of chemotherapy or radiotherapy, and (5) TBs
exhibiting severe postmortem changes.

Specimens were grouped into two categories (otogenic and
meningogenic) based on the route of infection: (1) otogenic: medi-
cal records indicating middle ear infection as the etiology of men-
ingitis and/or those demonstrating histopathological evidence of
acute or chronic middle ear inflammation (such as purulent
material, mucosal thickening, granulation tissue or
cholesteatoma) (Fig. 1); (2) meningogenic: cases lacking a medical
history of OM and devoid of any pathological middle ear findings
were classified as meningogenic labyrinthitis.

To determine the sites of lesion and severity of the inner
ear changes, we scrutinized the TBs under light microscopy. We
assessed the samples for the presence of inflammatory cells and
pathologic changes using qualitative and semi-quantitative
methods.
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Fig. 1. Two representative temporal bone sections showing middle
ear changes. (A) Otogenic meningitis case displaying middle ear
changes, like thickened mucosa, granulation tissue (*), purulent
effusion, and polymorphonuclear infiltration. (B) Meningogenic case
with no significant finding in the middle ear. FN = facial nerve;
IAC = internal auditory canal; LSCC = lateral semicircular canal;
M = malleus. [Color figure can be viewed in the online issue, which
is available at www.laryngoscope.com.]

The presence of labyrinthitis was classified as “localized”
(confined to the area of scala tympani adjacent to the cochlear
aqueduct and the round window membrane—RWM) or “general-
ized” (inflammatory changes seen throughout the labyrinth).'®
The inflammatory fluid within the labyrinth was further charac-
terized as “serous” (eosinophilic precipitate without inflamma-
tory cells) or “purulent” (polymorphonuclear neutrophils). Cases
exhibiting generalized purulent labyrinthitis were additionally
classified into three subgroups: (1) acute, purulent effusion
followed by the formation of serofibrinous precipitates filling the
perilymphatic spaces; (2) fibrous, fibroblastic proliferation and
angiogenesis; and (3) cochlear ossification, being early signs
(such as purulent effusion with serofibrinous precipitates and
fibroblastic proliferation filling the perilymphatic spaces) or
established (new bone formation).”

We analyzed the presence of endolymphatic hydrops, which
was classified (when present) in slight, moderate or severe.'®
Loss of cochlear and vestibular hair cells was assessed using a
semi-quantitative scale (mild, moderate, or severe).!® Qualitative
changes affecting the SV (edema, atrophy, and/or concretions)
were assessed.® We analyzed for the loss of fibrocytes in the
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spiral ligament (SL) and classified according to the severity of
findings in normal, mild, moderate, or severe.?’ We evaluated
the presence of increased thickness of the RWM, as well as the
presence of inflammatory cells or fluid in the basal turn.?!
The endolymphatic duct and sac, as well as the cochlear aque-
duct, were scrutinized for the presence of histologic changes such
as the presence of inflammatory cells.??23

Statistical analyses were performed using the IBM SPSS
(v29.0) software. Descriptive statistics (means, standard devia-
tions, medians, counts, and percentages for categorical variables)
were used to summarize the outcomes. Nominal variables were
analyzed using chi-square with or without pairwise z-tests and
Bonferroni adjustment, and ordinal variables with one-way
ANOVA and Tukey post hoc. Results were considered statisti-
cally significant when the p value was less than 0.05.

RESULTS

Our final group of meningitis cases comprised
36 TBs from 19 donors (meningogenic, n = 15 TBs;
otogenic, n = 21 TBs) (Table I, Figures S1 and S2). The
age of death ranged from 7 days to 86 years (mean,
39.5 + 32.2 years) in the meningogenic group and from
4.8 months to 64 years (mean, 13.2 & 22.5 years) in the
otogenic group. The time from the diagnosis of meningitis
to death ranged from 1day to 2.4years (mean,
137.1 + 328 days) in meningogenic patients and from 1 to
74 days (mean, 11.5 4+ 21 days) in otogenic patients.
Among the 11 donors of the otogenic group, 10 had bilat-
eral middle ear changes. In those cases, it was not possi-
ble to identify what ear (or if both) caused the
labyrinthitis, as findings were similar in both ears.

Labyrinthitis Pattern

The otogenic group exhibited a higher rate of gener-
alized labyrinthitis compared with the meningogenic
group (100% and 53%, respectively; p < 0.001) (Table II).
Within the otogenic group, labyrinthitis was purulent in
19 cases and serous in 2 TBs. Among the eight men-
ingogenic cases with generalized labyrinthitis, six were
purulent and two were serous. In the remaining seven
TBs with localized labyrinthitis, inflammatory fluid was
purulent in four cases and serous in three cases.

Signs of inflammation in otogenic cases were more
pronounced in the scala tympani (13 TBs, 62%), scala
vestibuli (10 TBs, 48%), and the modiolus (12 TBs, 57%).
We observed a higher prevalence of the presence of
inflammatory cells in otogenic cases compared with the
meningogenic group (p = 0.026). In meningogenic cases,
eosinophilic precipitate was observed in the scala tym-
pani in six TBs (40%), scala vestibuli in four TBs (27%),
and in the modiolus in three TBs (20%) (Fig. 2).

Labyrinthitis Ossificans

Early signs of labyrinthitis ossificans were exclu-
sively identified in otogenic cases (9 TBs; 43%; p = 0.003;
Table IT; Fig. 3). In cerebrospinal fluid analyses of cases
with signs of labyrinthitis ossificans, the identified causa-
tive agents were Streptococcus pneumoniae (6 cases;
66.6%) and Haemophilus influenzae (3 cases; 33.3%). We
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did not find a significant correlation between the type of
bacteria or positive or negative Gram staining and the
presence of signs of ossification (p > 0.05).

Internal Auditory Canal

Our data revealed that otogenic cases had higher
prevalence of the severe presence of inflammatory cells in
the internal auditory canal (IAC) compared with the men-
ingogenic group (otogenic group: 14 TBs, 67%;
meningogenic group: 1TB, 7%; p =p.002) (Table II;
Figures S1 and S2).

Round Window Membrane

The RWM was thickened in all otogenic cases, espe-
cially in those with early signs of ossification; no signifi-
cantly increased RWM thickness was observed in
meningogenic cases.

Lateral Wall

SV edema was identified in 16 TBs (76%) within the
otogenic group and in 9 TBs (60%) of the meningogenic
group (p = 0.298). SV atrophy was seen in 6 TBs (29%) of
the otogenic group and in 1 TB (7%) of the meningogenic
group (p = 0.102) (Table III).

All TBs from both groups exhibited loss of SL
fibrocytes affecting at least one cochlear turn (Fig. 4).
Otogenic cases exhibited a higher prevalence loss of
fibrocytes, particularly in the middle turn (p = 0.014).
The loss of fibrocytes in meningogenic cases tended to
increase from the basal to the apical turn (p = 0.030).
Conversely, in otogenic cases, the loss of fibrocytes was
evenly distributed across all cochlear turns (p = 0.705;
Table I11).

Cochlear and Vestibular Aqueducts

In otogenic cases, the proportion of cases exhibiting
severe inflammation in the cochlear aqueduct was signifi-
cantly higher (otogenic, 7 TBs, 33%; meningogenic, none;
p = 0.014). We found a higher prevalence of inflammatory
cells in the endolymphatic sac of TBs in the otogenic
group (p <0.001), while no significant difference was
observed in the endolymphatic duct (p =0.235)
(Table II).

Hair Cell Loss and Hydrops

Due to processing artifacts, analysis of the organ of
Corti was possible only in 12 TBs of the meningogenic
group and in 7 TBs of the otogenic group. We did not find
significant differences in the loss of cochlear hair cells
between groups (otogenic, 3TBs; meningogenic, 6TBs;
p =0.079). Slight cochlear hydrops were seen in three
TBs from each group (p = 0.650). We found more severe
loss of vestibular hair cells in the otolithic organs in the
meningogenic group as compared with the otogenic group
(p = 0.019; Fig. 5). In both groups, all semicircular canals
were normal or presented mild hair cell loss.
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TABLE I.
Demographic Data From the Temporal Bone Donors.

Age of Death

Age at Time of Time From Meningitis

Case Side (Years) Sex Agent Meningitis to Death
Meningogenic 1 Rand L 47 Male n/a 47 years 8 days
group 2 Rand L 3 Female  Streptococcus pneumoniae 7 months 2.4 years
3 Rand L 44 Male Pseudomonas aeruginosa 44 years 3 days
4 Rand L 41 Male Cryptococcus neoformans 41 years 1 day
5% Rand L 79 Female n/a* n/a* n/a*
6 L 86 Male Streptococcus pneumoniae 86 years 17 days
7 Rand L 16 Male Staphylococcus spp 16 years 48 days
8 Rand L 0.02 Male n/a 4 days 3 days
Otogenic group 9 Rand L 0.4 Male Streptococcus pneumoniae 2 months 74 days
10 Rand L 1.9 Male Haemophilus influenzae 1.9 year 8 days
11 Rand L 1.8 Male Haemophilus influenzae 1.8 year 2 days
12 Rand L 2 Male Haemophilus influenzae 2 years 1 days
13 Rand L 24 Male Streptococcus pneumoniae 24 years 8 days
14 R 48 Male Peptostreptococcus 48 years 6 days
anaerobius
15 Rand L 1.6 Female  Streptococcus pneumoniae 1.6 year 4 days
16 Rand L 0.4 Male Streptococcus pneumoniae 4.8 months 10 days
17 Rand L 0.8 Male Haemophilus influenzae 9.7 months 2 days
18 Rand L 0.6 Male Haemophilus influenzae 7.3 months 3 days
19 Rand L 64 Male Streptococcus pneumoniae 64 years 8 days

For case number 5 (*), although it was not available the exact time from meningitis to death, the cause of death was registered as meningitis, and the histo-

pathology shows clear signs of acute infection.
L = left; n/a = not available; R = right.

DISCUSSION

Our findings suggest that otogenic labyrinthitis
leads to more pronounced inner ear inflammation com-
pared with meningogenic cases. Meningitis can result in
profound hearing loss and cochlear ossification, which can
impede cochlear implant placement.!’ Thus, com-
prehending the pathophysiological mechanisms linked to
meningitis-related labyrinthitis is crucial for developing
screening, early diagnosis, and treatment strategies
aimed at preventing these complications.

These findings are likely attributed to the distinct
routes of bacterial translocation to the inner ear. In
otogenic cases, the close anatomical proximity and the
permeability of the RWM create conducive conditions for
local bacterial infiltration, generating a generalized
cochlear inflammation and damage, as well as sensori-
neural hearing loss.24?® While theoretically, an increased
thickness of the RWM acts as a barrier, reducing mem-
brane permeability, this thickening might have happened
after bacteria entered the inner ear, possibly due to pro-
longed OM.?® Additionally, in otogenic cases, meningitis
can occur through bacterial translocation to the meninges
via areas of bony dehiscence, such as Schuknecht’s canal.®
Based on our observations in otogenic cases, it appears
that the cochlear aqueduct can also serve as a route for
meningitis in this group, as we detected a significant
number of inflammatory cells in that location.

Regarding meningogenic cases, it is understood that
the cochlear aqueduct primarily serves as the route for
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infection spread from the meninges to the inner ear.!®

However, temporal bone studies also suggest that the
modiolus could be a potential route for pathogens. In this
scenario, pathogens may enter the IAC through the porus
acusticus and subsequently reach the modiolus via the
cochlear nerve aperture, traveling along with the nerve
fibers of the cochlear nerve.?” Our findings of inflamma-
tory cells within the modiolus support this hypothesis.
Furthermore, we did not observe a significant amount of
bacteria or inflammatory cells in the endolymphatic sac,
in the meningogenic group. Although the intimate ana-
tomical relationships between the sac and the meninges
would indicate otherwise, our findings align with previous
research, also showing no involvement of the endolym-
phatic sac in meningitis cases, potentially due to its
robust immune function.'®?"2® Instead, it appears that
infection spreads to the inner ear through the cochlear
aqueduct or the modiolus.?®

We observed widespread cochlear changes affecting
both groups, although the patterns of lesions varied. One
notable finding was that only temporal bones from the
otogenic group exhibited signs of early cochlear ossifica-
tion, suggesting that otogenic cases are more predisposed
to developing ossification. As most donors passed away
shortly after meningitis diagnosis, this may indicate a
progression toward ossification. Also, the short time
between infection and death reduces the confounding bias
of other otologic events that could damage the labyrinth.
In cases of meningitis-associated labyrinthitis, cochlear
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Severe
0
0

13 (62%)

Endolymphatic Sac
(Inflammatory Cells Presence)*
n (%)

Mild Mod.*
0

5 (33%)
4 (19%)

Severe
0
3 (14%)

(52%)

11

Endolymphatic Duct
(Inflammatory Cells Presence)
n (%)

Mod
6 (40%)

Mild
5 (33%)
5 (24%)

Severe*
0
7 (33%)

Cochlear Aqueduct
(Inflammatory Cells Presence)*
n (%)
od
1 (7%)

5 (24%)

Mild

7 (47%)
3 (14%)

TABLE II.
A Summary of the Inner Ear Histopathological Findings in Temporal Bones With Meningogenic and Otogenic Labyrinthitis.

n (%)

Stage*

Fibro-
Ossification
Acute: 8 (38%)

Fibrous: 1 (5%)

Severe*
1 (7%)
14 (67%)

n (%)

Mod.
7 (47%)
5 (24%)

IAC (Inflammatory Cells
Presence)*

Mild
3 (20%)
2 (10%)

Localized*
7 (47%)
0

Labyrinthitis Pattern*
n (%)

Generalized*
8 (53%)
21 (100%)
*Sites of lesion where the difference between groups was statistically significant (p < 0.05); n, number of temporal bones; %, percentage using the total number of temporal bones in each group as

group n = 21
denominator.

groupn =15

Meningogenic
Otogenic
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moderate.

internal auditory canal; Mod =

IAC =

Scala vestibuli

Scala vestibuli

Fig. 2. Representative temporal bone sections showing cochlear
changes. (A) Otogenic meningitis case; arrows: eosinophilic precipi-
tate; *, purulent material. (B) Meningogenic case; arrows: eosino-
philic precipitate. SL = spiral ligament; SM = scala media. [Color
figure can be viewed in the online issue, which is available at www.
laryngoscope.com.]

fibrosis typically begins around 2 weeks, with ossification
starting within 2 months.?? In otogenic cases, the direct
penetration of bacteria and inflammatory products
induces strong inflammation in the inner ear, thus pro-
moting ossification. Conversely, meningogenic cases have
a lower bacterial count reaching the inner ear due to bony
barriers. Nonetheless, other authors reported cochlear
ossification in meningogenic cases as well.*°

The increased inflammatory changes and higher
prevalence of ossification signs we observed have signifi-
cant clinical implications. Previous research indicates
that, despite one third of all meningitis cases being of
otogenic origin, only 54% of patients with suspected men-
ingitis receive an otoscopic examination.'* Based on our
findings, it is crucial to promptly identify patients with
suspected otogenic meningitis and systematically assess
them for hearing loss to ensure timely cochlear implanta-
tion. From a clinical perspective, considering the poten-
tial risks of severe cochlear inflammation and ossification
associated with labyrinthitis, regardless of its origin, it is
essential for surgeons to follow screening protocols,
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Scala tympani

Fig. 3. Three representative temporal bone sections showing differ-
ent patterns of purulent labyrinthitis. (A) Localized labyrinthitis;
arrows: polymorphonuclear cells. (B) Generalized labyrinthitis, acute
stage; arrows: polymorphonuclear cells. (C) Generalized
labyrinthitis, fibrous stage; arrows: polymorphonuclear cells; *:
fibrous tissue. CA = cochlear aqueduct; RW = round window;
RWM = round window membrane. [Color figure can be viewed in
the online issue, which is available at www.laryngoscope.com.]

conduct thorough physical examinations to detect possi-
ble otogenic cases, and ensure proper audiological follow-
up to minimize complications. Future clinical studies

Laryngoscope 135: February 2025

could further refine pathology-oriented practice guide-
lines for managing both meningogenic and otogenic cases.

We observed a high rate of SV changes in both
groups. Given that the SV has a high metabolic rate and
plays a crucial role in inner ear homeostasis, its sensitiv-
ity to inflammatory damage may be explained by these
factors.?! SV abnormalities can disrupt both the regula-
tory mechanisms of the blood—labyrinth barrier and the
ionic regulation of the endolymph, impairing the mecha-
nisms of sound transmission.>? Additionally, it has been
shown that the SV might be a route of hematogenic
labyrinthitis in meningogenic cases.'® As cochlear find-
ings were less severe in meningogenic cases, we hypothe-
size that either the SV route is less frequent as compared
with the aqueduct/modiolus routes, or that the blood—
labyrinth barrier may provide protection against substan-
tial penetration of bacterial products to the cochlea.

We observed distinct patterns of SL fibrocyte loss
between the groups: otogenic cases showed fibrocyte
loss throughout all cochlear turns, while in meningogenic
cases, fibrocyte loss increased from the basal to the apical
turn. These findings likely reflect differing patterns of
intracochlear inflammation. The uniform and more pro-
nounced fibrocyte loss in otogenic cases suggests more
severe intracochlear inflammation. This is likely due to
the direct translocation of inflammatory mediators and
bacterial products from the middle ear through the RWM.
Given the spiral ligament’s crucial role in generating
endolymphatic potential and in stress-response pathways
within the inner ear, cases of more severe fibrocyte dam-
age, such as otogenic labyrinthitis, could represent a
greater risk of hearing loss and cochlear ossification.
Although we can only speculate on why the apical turn is
more affected in meningogenic cases, we have proposed
two potential explanations: (1) The volume of the SL
decreases from the base to the apex, making fibrocyte loss
more noticeable in the apical turn initially®?; or (2) a dif-
ferent route of infection spread might selectively affect
specific types of SL fibrocytes and areas.®*3® Further
studies could provide insight into how the route of
labyrinthitis infection is linked to specific damage in
the SL.

An interesting finding was that meningogenic cases
had increased loss of vestibular hair cells in the otolithic
organs. Although initially counterintuitive, it is possible
that the direct penetration of the inflammatory mediators
through the vestibular nerve canals (as opposed to the
cochlea in otogenic cases) triggers a local inflammatory
response.® The findings of Pauna et al. corroborate our
hypothesis by demonstrating translocation of bacteria
and inflammatory cells through the cochlear nerve canal
into the modiolus.'® Although the clinical significance of
these findings remains uncertain, past studies have
shown that bacterial meningitis in children correlates
with chronic vestibular impairment in up to 10.5% of
cases and may result in delayed posturomotor develop-
ment.*® As no previous study has compared vestibular
impairment between meningogenic and otogenic meningi-
tis cases, future clinical research could provide further
insight into whether our observation of heightened
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TABLE Il
Stria Vascularis and Spiral Ligament Findings in Temporal Bones With Meningogenic and Otogenic Labyrinthitis.

Stria Vascularis (Qualitative Changes)

Spiral Ligament (Loss of Fibrocytes)*

n (%)

Edema Atrophy Mild Moderate Severe

Meningogenic group n = 15 Basal turn 7 (47%) 0 4 (27%) 7 (47%) 0
Middle turn 9 (60%) 1(7%) 1(7%) 8 (53%) 4 (27%)
Apical turn 7 (47%) 1(7%) 2 (13%) 5 (33%) 6 (40%)
Otogenic group n = 21 Basal turn 15 (71%) 6 (29%) 6 (29%) 6 (29%) 1(5%)
Middle turn 16 (76%) 6 (29%) 12 (57%) 6 (29%) 1(5%)
Apical turn 15 (71%) 6 (29%) 11 (52%) 6 (29%) 2 (10%)

*Sites of lesion where difference between groups was statistically significant (p < 0.05); n, number of temporal bones; %, percentage using the total num-

ber of temporal bones in each group as denominator.

Fig. 4. Representative temporal bone sections showing the visual scale used to assess changes in the spiral ligament (SL) and stria vascularis
(SV). (A) Normal SL; arrow: SV with edema. (B) SL with mild loss of fibrocytes; arrow head: areas of loss of fibrocytes. (C) SL with moderate
loss of fibrocytes; arrow head: areas of loss of fibrocytes; (D) SL with severe loss of fibrocytes; arrow: atrophic SV; arrow head: areas of loss
of fibrocytes. [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]

vestibular damage in meningogenic cases translates to
vestibular dysfunction in this specific patient subset.

This study has limitations. The quantity of medical
information from donors is restricted by the availability
of their medical records in our files. Additionally, because
the individuals whose bones were included in our study
passed away shortly after contracting meningitis, no
hearing tests were accessible. The limited number of
specimens from donors limited the possibilities for com-
parative analysis and increased the heterogeneity of the
samples. It is also possible that—because of antibiotic
use—some cases that were otogenic cases were classified
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as meningogenic due to resolution of the middle ear infec-
tion. However, this is unlikely because the medical docu-
mentation allowed us to rule out otitis media; also,
because of the short period between diagnosis and death
in those cases, it is unlikely that the inflammatory
changes would be completely resolved with the antibiotic
use. It is important to note that one case in the men-
ingogenic group involved a fungal infection, and in some
instances, the pathogen was not isolated. However, the
significant presence of polymorphonuclear cells indicated
a bacterial infection in these cases. Therefore, although
most cases were clearly associated with bacterial
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Fig. 5. Representative sections showing the semi-quantitative
assessment of loss of vestibular hair cells in the saccule.
(A) Normal macula. (B) Mild loss of hair cells; arrows: areas of
cell loss. [Color figure can be viewed in the online issue, which is
available at www.laryngoscope.com.]

infections, the studied cohort is not homogeneous with
respect to the causative agents. Despite the limitations,
this study provides histologic evidence of the progression
patterns of inner ear inflammation in different routes of
meningitis. Our findings will underpin future clinical
studies dedicated to the creation of improved diagnostic
criteria, application of prevention techniques, and devel-
opment of targeted, noninvasive therapies dedicated to
controlling the inflammatory changes, reducing the
chances of hearing loss or cochlear ossification secondary
to meningitis.

CONCLUSION

Our findings revealed that otogenic cases are associ-
ated with more severe cochlear changes, while men-
ingogenic cases are associated with more severe
vestibular damage. Our study offers insights into the
underlying mechanisms behind distinct inflammation
patterns that can be translated in the development of pre-
ventative and treatment strategies in the future.
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