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ORIGINAL RESEARCH
HEAD AND NECK IMAGING

Morphometric Evaluation of the Facial and
Vestibulocochlear Nerves Using MR Imaging in Patients with
Menieére Disease

Wilhelm H. Flatz, ““’ Annika Henneberger-Kunz, Regina Schinner, Ullrich Muller-Lisse, Maximilian Reiser, and “*Birgit Ertl-Wagner

ABSTRACT

BACKGROUND AND PURPOSE: Meniére disease (MD) is a condition of unknown etiology, involving genetic predisposition, autoim-
mune processes, viral infections, cellular apoptosis, and oxidative stress. This study aimed to investigate potential differences in cranial
nerves VIl and VIII in patients with MD using hydrops MRI (FLAIR) for morphometric evaluations.

MATERIALS AND METHODS: Sequences acquired were 3T MRI, CISS, and 3D FLAIR. We evaluated the morphometrics of cranial
nerves VIl and VIII from the cerebellopontine angle to the internal auditory canal fundus, comparing the nonaffected and affected
sides. Furthermore, we examined the findings in relation to symptom duration and evaluated the feasibility of FLAIR in the mor-
phometry of the cranial nerves.

RESULTS: A total of 53 patients with MD with unilateral symptoms were included. After statistical analysis, no significant differences
were found regarding morphometric changes in the affected side compared with the nonaffected side of cranial nerves VIl and
VIIl. There was also no significant difference between the morphometric evaluations of patients with different symptom durations.
The morphometric evaluation using hydrops MRI sequences (FLAIR) showed no significant difference compared with established
morphometric highly T2-weighted imaging (CISS).

CONCLUSIONS: Our data found no differences in nerve morphometry between clinically nonaffected and affected sides in
patients with unilateral MD, nor any correlation with symptom duration. This finding contrasts with previous ones of correlations
between clinical features and endolymphatic hydrops. A disease process starting before clinical symptom onset could be a possible
explanation. Morphometric evaluation of brain nerves using hydrops MRI sequences is practical and provides similar results com-
pared with T2-weighted imaging, improving patient comfort and reducing MRI scan times.

ABBREVIATIONS: CN = cochlear nerve; CPA = cerebellopontine angle; CSA = cross-sectional area; FN = facial nerve; IAC = internal auditory canal; IVN =

inferior vestibular nerve; LD = long diameter; MD Meniére disease; SD = short diameter; SVN = superior vestibular nerve

Meniére disease (MD) is characterized by episodic vertigo
associated with tinnitus, fluctuating hearing loss, aural full-
ness, and endolymphatic hydrops, but the exact pathomechanism
of this condition remains unclear."* It appears to be multifactorial
or a complex cascade of pathophysiologic processes.”* Several
studies proposed a loss of neural structures (such as hair cells or
neurons within the spiral ganglion) in MD, whereas genetic
causes, autoimmune processes, and viral or other infections have
also been discussed.>"" In recent years, several studies have evaluated
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and quantified endolymphatic hydrops in patients with MD."*"®
Only a few studies, however, have analyzed the morphometric
parameters of cranial nerves VII and VIII on MRI, mostly in nor-
mal-hearing subjects or patients with sensorineural hearing loss
or in children with hypoplasia or aplasia of the cochlear nerve in
the context of cochlear implant diagnostics."® >

To our knowledge, there has been limited research on patients
with MD regarding the cranial nerves. Although cellular death
and apoptosis would theoretically lead to a decreased nerve thick-
ness, previous data showed a swelling of cranial nerves VII and
VIII in patients with MD compared with a normal-hearing con-
trol group.”* The swelling of cranial nerve VIII and the similar
reaction of the facial nerve (FN) support, for example, mediator-
based or systemic theories of MD pathophysiology. These theo-
ries suggest that small, circulating immune complexes could be
deposited in tissues, leading to local inflammatory reactions
through complement fixation.** These immune complexes could
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SUMMARY

PREVIOUS LITERATURE: The pathogenesis of MD is still incompletely understood. Local processes such as excitotoxicity and re-

active oxygen species leading to cellular apoptosis were discussed as well as genetic and autoimmune causes for systemic proc-

esses. For example, Kariya et al® found a lower number of spiral ganglion cells in the contralateral temporal bone of patients

with unilateral MD compared with healthy controls. Different FLAIR sequences were used in several studies to evaluate the

endolymphatic hydrops. Several CISS sequences were used to analyze the morphometric properties of cranial nerves VIl and
VIIl, mostly in normal-hearing patients or in patients with sensorineural hearing loss.

KEY FINDINGS: No differences of the morphometric parameters could be found comparing the nonaffected side with the
affected side of unilaterally-affected patients with MD as well as comparing the subgroups with different durations of illness.
Furthermore, FLAIR sequences can be similarly used compared with the established CISS sequences.

KNOWLEDGE ADVANCEMENT: Our results support systemic processes causing MD. Although each of the MR sequences exam-
ined showed different means for the morphometric parameters, each of the sequences was suitable for this purpose. Thus, after

one acquires a good FLAIR sequence, the creation of a CISS for morphometric nerve analysis can be ignored.

lead to increased vascular permeability with subsequent ion and
fluid imbalances.

The course of cranial nerves VII and VIII from the pons
through the cerebellopontine angle (CPA) and the internal audi-
tory canal (IAC) makes these nerves amenable to morphometric
evaluation in anatomic and MRI studies. Cranial nerve VIII
divides within the IAC into its 3 branches: cochlear nerve (CN),
superior vestibular nerve (SVN), and inferior vestibular nerve
(IVN). By default, these cranial nerves are evaluated using
strongly T2-weighted sequences, eg, CISS sequences, while the
imaging of endolymphatic hydrops is performed using FLAIR
sequences, also called hydrops MRI. These hydrops MRI sequen-
ces have been shown to be of high value in the MR evaluation of
the degree of endolymphatic hydrops in the structures of the
inner ear.'>'”'®2>2% The value of the FLAIR hydrops MRI
sequences regarding morphometric changes of the cranial nerves
have not been evaluated yet. To our knowledge, no morphomet-
ric analyses of cranial nerves VII and VIII have been performed
using different MRI sequences with different spatial resolutions
in patients with clinically unilateral MD.

The aim of this study was to investigate morphometric differ-
ences of the cranial nerves VII and VIII in patients with MD
using different MR imaging techniques to find further clues to
the underlying pathogenesis. Additionally, the second objective
of our study was to streamline the requirement for various MRI
sequences used in evaluating endolymphatic hydrops and cranial
nerve morphometry, aiming to decrease scan duration and
enhance patient comfort.

MATERIALS AND METHODS

Participants

Ethics review board approval was provided by the institutional
review board (Ludwig Maximilian University Munich). All
examinations were performed in accordance with the Helsinki
Declaration revised in 2013.

Seventy-one patients from our database had definite MD
according to the American Academy of Otolaryngology-Head
and Neck Surgery classification in 1995 and the latest 2015 modi-
fication of the diagnostic criteria of the Barany Society Classification

Committee.'**>! Figure 1 shows the 2015 proposed criteria of
MD. Of these 71 patients, 53 patients were clinically and audio-
metrically classified as unilaterally affected (20 women, 33 men;
mean age, 50.5 years; age range, 23-77 years) and were therefore
included in this study.

Additional clinical patient data were collected to calculate
symptom duration, which ranged from 4 to 252 months, with a
mean of 76 months.

MR Imaging
All patients gave their informed consent for MRI of the inner
ear. Twenty-four hours before the MRI scan a gadolinium-based
contrast agent diluted 8-fold in saline solution was intratympanically
injected into the ear of the affected side.?>>? After administration, the
patient remained in a supine position for another 30 minutes with
the head turned approximately 45° toward the contralateral side.
All MR imaging examinations were performed on a 3T MR
unit (Magnetom Verio; Siemens) using a commercially available
4-channel flexible surface coil combined with an 8-channel head
coil. To determine if measurements of the cranial nerves VII and
VIII produce results comparable at different slice thicknesses, we
varied the slice thickness in the MR sequences used. The follow-
ing MR sequences were acquired of the temporal bone:

e CISS 0.6: A strongly T2-weighted CISS, which is a 3D steady-
state sequence with free precession with the following param-
eters: TR = 7.2 ms, TE = 3.16 ms, flip angle = 70°, field of
view = 192 x 192 mm?, matrix size = 320 x 320, averages = 1,
and slice thickness = 0.6 mm

CISS 0.4: The second CISS sequence had the following param-
eters: TR = 6.24 ms, TE = 2.87 ms, flip angle = 70°, field of
view = 160 x 160 mmz, matrix size = 320 x 320, averages = 1,

and slice thickness = 0.4 mm

FLAIR 0.5: The 3D TSE sequence with inversion recovery pre-
cession (FLAIR) was acquired using the following parameters:
TR = 6000 ms, TE = 155 ms, TT = 1500 ms, flip angle = 180°,
field of view = 160 x 160 mm?, matrix size = 320 x 320, aver-
ages = 1, and slice thickness = 0.5 mm

FLAIR 0.3: The second inversion recovery sequence had the
following parameters: TR = 6000 ms, TE = 155 ms, TI = 1500 ms,
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Meniére disease criteria proposed 2015
B 2 R

Probable Meniére disease

/

Definite Meniére's disease

* At least 2 spontaneous episodes of vertigo, each - At least two episodes of vertigo or dizziness, each
lasting from 20 minutes to 12 hours lasting from 20 minutes to 24 hours

* Audiometrically documented low-frequency to * Fluctuating aural symptoms (hearing, tinnitus or
medium-frequency sensorineural hearing loss in one fullness) in the affected ear

ear, defining the affected ear on at least one
occasion before, during or after one of the episodes
of vertigo

* Not better accounted for by another vestibular
diagnosis

* Fluctuating aural symptoms (hearing, tinnitus or
fullness) in the affected ear

* Not better accounted for by another vestibular \ /
\diagnosis /

I = |

l

Criteria proposed by the Classification Committee of the Barany Society, the Japan Society for Equilibrium
Research, the European Academy of Otology and Neurotology, the Equilibrium Committee of the American
Academy of Otolaryngology—Head and Neck Surgery and the Korean Balance Society

FIG 1. MD criteria proposed in 2015 by the Classification Committee of the Barany Society.

N

FIG 4. IAC using FLAIR 0.5.

FIG 2. IAC using CISS 0.6. . . 5 L.
flip angle = 180°, field of view = 160 x 160 mm~, matrix size =

256 x 256, averages = 1, and slice thickness = 0.3 mm.

Figures 2-5 show the IAC of 4 different patients in the sequen-
ces described above. Endolymphatic hydrops was assessed in the
affected ear using the FLAIR sequences, capable of visualizing
endolymphatic hydrops.">'**'” In all patients, endolymphatic

hydrops was confirmed using a 4-point Likert scale: Zero was no
hydrops, and 1-3 was light, moderate, or severe hydrops.
Analysis

o

Morphometric analysis of cranial nerves VII and VIII was per-
formed, retrospectively, on both sides, the locally enhanced inner
ear side and the contralateral side. We used a commercially and
freely available DICOM Viewer (OsiriX v.4.0, 64-bit version,
http://www.osirix-viewer.com, and RadiAnt 2023.1, 64-bit ver-

sion, Medixant) for measuring the diameters of cranial nerves VII
FIG 3. IAC using CISS 0.4. and VIII. Consistent windowing levels and thin slice thicknesses
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Area=0.02331 cm?
P=6.59 mm

FIG 5. |AC using FLAIR 0.3.

Area=0.01633 cm?

»
-

FIG 6. The CSA of cranial nerve VIl in the CPA of the affected side
using CISS 0.4.

Area=0.003782 cm?
P=2.25 mm

Q

FIG 7. The CSA of cranial nerve VIl in the CPA of the nonaffected
side using CISS 0.6.

were used in performing transverse reformats at different locations
throughout the course of the nerves from the CPA to the IAC fun-
dus. Locations of the transverse sections were defined as follows:

e VIII, CPA
e CN, SVN, and IVN, meatus of the IAC
e VII, CPA, meatus of the IAC, fundus of the IAC.

On each transverse section, the long diameter (LD), short di-
ameter (SD) perpendicular to LD, and cross-sectional area (CSA)
were measured. Several dot markers were positioned on the out-
line of the examined nerves. These markers were linked, and the
CSA was calculated. All measurements were performed by the
same 2 readers on the basis of consensus readings (measurement
time for the above 21 measurements per side and sequence of 13-

FIG 8. The CSA of cranial nerve VIl in the CPA of the nonaffected
side using FLAIR 0.5.

Area=0.004798 cm?=
P=2.52 mm

FIG 9. The CSA of cranial nerve VIl in the CPA of the affected side
using the FLAIR 0.3.

28 minutes). Both readers were blinded to the diagnoses of the
patients. All these measurements were made for the CISS 0.4, CISS
0.6, and FLAIR 0.3 and the FLAIR 0.5 sequences to investigate dif-
ferent nerve sizes, depending on the MRI sequence used and the
feasibility of morphometric analysis of cranial nerves VII and VIII
in the endolymphatic hydrops sequences (FLAIR 0.3 and FLAIR
0.5) compared with the CISS standard sequences (Figs 6-9).

For comparing the affected and clinically nonaffected sides,
a paired samples (dependent) t test was used with MedCalc
Version 12.7.2 (MedCalc Software bvba) and SAS Version 9.4 for
Windows (SAS Institute). After Bonferroni correction for multi-
ple testing, P < .05 was reduced to P < .000595 for statistical sig-
nificance. To compare the subgroups of different symptom
durations, we used a 2-sided independent samples ¢ test. In addi-
tion, the 2 readers repeated the measurements independently
(Table 1, eg, showing the CSA measurements of the affected side
of cranial nerves VII and VIII in the CPA using CISS 0.4) to cal-
culate an interrater and intrarater correlation for reproducibility
(Spearman p for rank correlation).

RESULTS

No significant differences were observed when comparing the
affected side with the nonaffected side of cranial nerves VII
and VIII of clinically unilaterally-affected patients with MD
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(Supplemental Data, CISS 0.4) when adjusting for multiple testing.
These results were found to be independent of the MRI sequence
used (CISS 0.4, CISS 0.6, FLAIR 0.5, or FLAIR 0.3) when adjusting
for multiple testing (Table 2, cranial nerve VIII within CPA).
Without the Bonferroni correction, to account for an exploratory
approach, significant differences were found, for example, for the
LD cranial nerve VII at the CPA and the fundus of the IAC as well
as for the SD of cranial nerve VIII at the CPA using the CISS 0.4
(Supplemental Data) and the CSA of cranial nerve VIII in FLAIR
0.3 at the level of CPA (Table 2). Table 3 shows all the significant
differences without the Bonferroni correction (P < .05), obvi-
ously not following a specific pattern.

We furthermore evaluated the morphometric properties of
cranial nerves VII and VIII depending on symptom duration.
We initially split the study group into a subgroup with a symp-
tom duration of a maximum of 12 months and compared these
patients with the rest of the group. We observed no significant
differences between the groups, neither when comparing the
affected sides nor when comparing the nonaffected sides.
Subsequently, we compared patients with a symptom duration
of at least 120 months with the patients with a symptom duration
of a maximum of 12 months. Again, no significant differences for
the morphometric parameters could be observed (Table 4).

Table 1: Measurements of the CSAs*

Regarding the second aspect of our study, the 2 examiners
were also able to visualize and evaluate the cranial nerves in the
endolymphatic hydrops sequences FLAIR 0.3 and FLAIR 0.5
without any relevant differences compared with the CISS sequen-
ces. For evaluation of intrarater correlation, we performed the
Spearman p, indicating a strong-to-very strong positive correla-
tion among the measurements. The Spearman p median was
0.880 (p = 0.710-0.994, SD = 0.08191; 95% ClI, 0.8289-0.9551).
The interrater correlation was moderate to very strong with a
Spearman p median of 0.8420 (p = 0.6360-0.9260, SD = 0.1046;
95% CI, 0.7039-0.9068).

DISCUSSION
In our study group, we observed no significant differences
between the clinically nonaffected side and the clinically affected
side of unilaterally-affected patients with MD independent of the
MRI sequence used when using the Bonferroni correction for
multiple testing.

Different Models of Ethiopathogenesis

The pathogenesis of MD is still incompletely understood, and

the disease can be difficult to diagnose in the early stages.>***

Autoimmune processes and viral infections, such as latent
herpes simplex virus type 1, may cause

vestibular neuritis and may play a role in

CSA of VIl within CPA

CSA of VII within CPA

the induction of MD.***° In addition,

Patient No.  Consensus  Rater1 Rater 2 Consensus  Rater 1 Rater 2 patients with MD frequently have accom-
25 17 1.66 2.06 023 0.25 0.29 panying allergies and allergy mediators
7l 1.6 1.69 1.83 0.44 0.40 0.67 such as immunoglobulin E that exacer-
3 10 102 104 032 046 046 bate MD symptoms. Deposits of immu-
74 1 141 142 059 0.64 0.62  Symptoms. Lep

75 15 152 183 0.35 0.64 0.42 noglobulin E in the vestibular end organs
3 22 212 256 0.44 078 0.89 indicate the ability of the inner ear to
9 15 147 2.00 034 039 041 participate in immune reactions.*' The
! 1 140 137 04 053 0.51 involved immunologic mechanisms are
16 1.6 1.63 193 0.26 0.39 0.33 il t d but imatel
27 17 163 183 017 024 018 SUTL not crear, but - approximately
26 18 188 208 031 047 0.49 one-third of the MD cases may have
m 15 1.68 1.59 0.26 0.33 0.29 an autoimmune origin.” Cytokines and
4 13 138 135 0.37 0.39 0.41 their involvement in immune-related
K4 16 160 186 0.47 0.51 0.60 processes may play a significant role
8 13 139 140 0.23 0.28 0.22 . . .

1 21 201 214 045 048 052 in the etiology of MD, as is currently

under discussion. Their roles in inflam-

*The consensus reading results and the independently repeated measurements of raters 1and 2 of the CSA (square

millimeter) of the affected side of cranial nerves VIl and VIl measured in the CPA using the CISS 0.4 sequence

show a good inter- and intrarater correlation of the measurements.

Table 2: Comparison of the 4 used MRI sequences®

mation, autoimmune processes, poten-
tial disruption of endolymphatic fluid

LD (mm) SD (mm) CSA (mm?)

Sequence Nonaffected Affected Nonaffected Affected Nonaffected Affected
CISS 0.4 Mean 1.81(SD, 0.40) 1.81(SD, 0.34) 0.86 (SD, 0.18) 0.78 (SD, 0.16) 168 (SD, 0.45) 1.58 (SD, 0.40)
P 9910 0295° 0624
CISS 0.6 Mean 143 (SD, 0.24) 134 (SD, 0.24) 0.85 (SD, 0.17) 0.86 (SD, 0.16) 139 (SD, 0.30) 133 (SD, 0.31)
P .0857 .8386 .3886
FLAIR 0.3 Mean 171(SD, 0.22) 157 (SD, 0.32) 0.92 (SD, 0.16) 0.89 (SD, 0.13) 172 (SD, 0.22) 1.57 (SD, 0.28)

P .0805 4427 .0098°
FLAIR 0.5 Mean 159 (SD, 0.28) 165 (SD, 0.22) 0.89 (SD, 0.15) 0.89 (SD, 0.20) 161 (SD, 0.31) 148 (SD, 0.23)
P 4575 9187 .3051

°This table depicts the measurements of cranial nerve VIII within the CPA of clinically unilaterally-affected patients with MD, comparing the nonaffected side with the
affected side by a paired samples t test (mean, P) and comparing the 2 CISS sequences and the 2 FLAIR sequences.
bSignificant P values without adjustment for multiple testing.
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homeostasis, and promotion of fibrosis are areas of particular
interest.*>*?

Further pathophysiologic aspects have been discussed, such
as genetic predisposition, excitotoxicity, chronic otitis media, is-

8.9:44-46 Reactive

chemia, cellular apoptosis, and oxidative stress.
oxygen species, specifically nitric oxide, regulate the cochlear
blood flow and lead to the release of mitochondrial cytochrome c,
which is an important mediator of the intrinsic pathway of apo-
ptosis.*>*” The presence of hydrops may thus cause neuronal
damage in the inner ear via a process of excitotoxicity."** This
neuronal damage could possibly affect cranial nerve VIII and
potentially also the cranial nerve VII.

However, our data showed no noticeable differences in nerve
diameters between the clinically unaffected and affected sides in
patients with unilaterally-affected MD. This lack of difference
may suggest a more systemic process that causes subclinical reac-
tions in the contralateral ear, even in patients who appear clini-
cally unilaterally affected by MD. Kariya et al® found similar
results when comparing the mean number of spiral ganglion
cells, the mean loss of inner and outer hair cells, and the damage
of the stria vascularis in patients with unilateral MD. They could
not find any significant differences when comparing the affected
and the nonaffected sides, whereas there was a significant loss of
hair cells and spiral ganglion cells in the contralateral temporal

Table 3: Overview of the significant differences®

bones compared with healthy controls. This result may support
autoimmune processes or genetic predispositions, whereas local
processes such as excitotoxicity and reactive oxygen species seem
less likely. Genetic research into MD has also been making great
strides recently. Further research in ethnic and geographically-
based studies of the human genome with the development of cell
and animal models will help to understand the pathomechanism
of MD, as will improvements in MRI technology.49 New data, for
example, show possible changes in the microstructure of cranial
nerve VIII in patients with MD using DTI, indicating a new
potential imaging biomarker for the diagnosis of MD.”

Moreover, our data did not show a correlation to clinical
symptom duration, which again may point to a very long-stand-
ing underlying process before the onset of clinical symptoms. On
the other hand, our results could also indicate that there is no
change of cranial nerves VII and VIII in MD. However, a previ-
ous study was able to show that patients with MD have thicker
nerves compared with a healthy control group.*

MRI Difficulties

Moreover, our data showed different means at the same meas-
uring levels for the same patients, depending on the MRI
sequence used. These differences occur due to different variable
sequence parameters such as slice thickness, different partial vol-
ume effects, and the relatively small
sample size. Where measurements var-

Parameters P Values ied largely between cranial nerves VII
Nerve Measuring Point  Diameter or Area Sequence Unilaterally-Affected and VIII, differences among the 4 used
vill CPA CSA FLAIR 0.3 .0098 sequences were small. This result reflects
Vil CPA b Clss 04 0295 the difficulty of comparing absolute
IVN Meatus CSA CI5506 0021 morphometric parameters in the differ-
IVN Meatus LD ClSS 0.6 0229 P °p e d
N CPA LD CISS 0.4 0208 ent MRI studies performed with differ-
FN Meatus LD FLAIR 0.5 0413 ent sequences on different scanners.'” !
FN Meatus CSA FLAIR 0.5 .0237 Due to our small sample size, we calcu-
FN Fundus LD CISS 04 .0033

lated the intrarater and interrater corre-

*This table provides an overview of the significant differences of LD./SD and CSA without the Bonferroni correc-
tion (P < .05) of cranial nerve VIII, the IVN, and the FN at their different measuring points throughout their course
from the CPA to the fundus of the IAC within the 4 used sequences (CISS 0.4, CISS 0.6, FLAIR 0.3, and FLAIR 0.5

sequences), obviously not following a specific pattern.

lation to make a statement about the
reproducibility of our measurements. We
found a very strong-to-strong positive

Table 4: Overview of nerve thickness as a function of the symptom duration®

Affected Side

Nonaffected Side

Nerve Measuring Point Parameter <12 Months 2120 Months <12 Months 2120 Months

Vil CPA Mean 1.74 (SD, 0.46) 1.59 (SD, 0.39) 1.71(SD, 0.44) 1.86 (SD, 0.43)
P 4032 4218

CN Meatus Mean 0.40 (SD, 0.08) 0.37 (SD, 0.14) 0.43 (SD, 0.12) 039 (SD, 0.12)
P 4962 4439

SVN Meatus Mean 034 (SD, 0.08) 032 (SD, 0.11) 032 (SD, 0.09) 0.31(SD, 0.09)
P .6349 7837

IVN Meatus Mean 030 (SD, 0.05) 0.28 (SD, 0.07) 0.31(SD, 0.06) 0.29 (SD, 0.11)
P .5430 .6878

FN CPA Mean 0.45 (SD, 0.11) 035 (SD, 0.12) 0.41(SD, 0.14) 0.38 (SD, 0.12)
P .0556 6725

FN Meatus Mean 035 (SD, 0.09) 033 (SD, 0.17) 038 (SD, 0.11) 032 (SD, 0.19)
P 7656 4096

FN Fundus Mean 036 (SD, 0.10) 0.32 (SD, 0.08) 038 (SD, 0.14) 033 (SD, 0.14
P 3164 4465

°This table shows the CSA areas (square millimeter) of cranial nerves VII (FN) and VIII and their branches (CN, SVN, and IVN) measured in the CPA or within the IAC (mea-
tus and fundus) of the clinically unilaterally-affected patients with MD using the CISS 0.4 sequence and compares the 2 subgroups (symptom duration, maximum 12 versus

minimum 120 months) by an independent samples t test (mean and P).
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correlation, respectively, a very strong-to-moderate correlation,
which means good reproducibility in trained examiners.

Study Limitations

Our study has several limitations. First, our sample size was lim-
ited, particularly for the subgroup analyses. Larger studies are
warranted to confirm our results. Second, this time we did not
compare our measurements with those of an age- and sex-matched
healthy control cohort to analyze differences in a clinically unaf-

1921 _ .
with measure-

fected control population. Only a few surveys
ments of the cranial nerves VII and VIII have been published,
mostly in normal-hearing patients. The comparison of these
published data also showed differences of nerve diameters
according to the measuring point and the MRI sequence used.
Studies like ours encounter challenges related to measuring
dimensions at the scale of fractions of millimeters. The ability to
accurately discern small changes in diameter of this magnitude
by volumetric MRI is limited, affecting the reliability and valid-
ity of the study results. We tried to minimize this limitation by
measuring the LD and SD as well as the CSA on transverse sec-
tions with consistent windowing levels by the same 2 readers
and were able to prove good reproducibility. Further and larger
studies, including the repetition of the comparison with a healthy
control group, are necessary to confirm our results. If possible,
modern MRI techniques should be combined with histopatho-
logic temporal bone investigations including photomicrographs
of the inner ear and the vestibulocochlear nerve to get more
insight into the pathophysiology of MD.

CONCLUSIONS

Our data showed no significant differences in diameters and
CSAs of cranial nerves VII and VIII between the affected and the
clinically nonaffected sides of unilaterally-affected patients with
MD after Bonferroni correction for multiple testing. There was
also no correlation to the duration of clinical symptoms. This
finding may potentially point to a systemic process starting long
before the onset of first clinical symptoms. Normative nerve
diameters should only be used if comparable MRI sequence pa-
rameters are used because our data showed different means for
the same patients at the same measuring points depending on the
MRI sequences used. From our point of view, skipping additional
strongly T2-weighted imaging, such as CISS sequences is feasible
when endolymphatic hydrops imaging sequences are well-per-
formed, because this choice reduces the examination time and
enhances patient comfort.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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