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Introduction

Background To determine the prevalence of a high-riding jugular bulb (HR]B) in the
endolymphatic hydrops population.

Methods This was a retrospective chart and radiology review of patients seen at a
tertiary care medical center. Patients were identified using the International Classification
of Diseases, 9th edition, code 386.xx (Meniere disease-unspecified), and were required
to have undergone an imaging study that included views of the jugular bulb that were
available for review. A radiologist then evaluated all of the imaging studies for evidence
of HRJB or inner ear dehiscence with a jugular bulb abnormality.

Results The prevalence of a HR|B in all endolymphatic hydrops patients was 9.0% (7 of
78), and it was 4.5% (7 of 156) in all ears. The prevalence of HR|B ipsilateral to an ear with
endolymphatic hydrops was 4.6% (4 of 88 ears); it was 4.4% (3 of 68 ears) in ears without
endolymphatic hydrops. The incidence of inner ear dehiscence with a HR|B was 1.3% (1
of 78). Electrocochleography results were not correlated with jugular bulb volume.
Discussion The results of this study indicate that a small subset of patients treated for
endolymphatic hydrops patients have a HR|B. Overall, these results suggest that HR|B
does not play a major role in endolymphatic hydrops, although it may play a role in a few
isolated patients.

after initial formation of the jugular bulb and stabilizes in
adulthood.’

Thejugular bulbis a dilatation of the internal jugular vein at
its origin, which is located within the posterior compart-
ment (pars vascularis) of the jugular foramen at the skull
base.! Most of the venous inflow to the jugular bulb comes
from the transverse and sigmoid dural venous sinuses,
whereas venous outflow is transmitted via the internal
jugular vein. The jugular bulb does not exist in fetal life or
infancy but develops in early childhood,"-? and it may occur
with the attainment of an upright posture after the age of
2 years."? Further expansion of the jugular bulb occurs
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In some individuals the jugular bulb can become patho-
logic when it is enlarged and causes local audiological or
vestibular symptoms. This can occur with a high-riding
jugular bulb (HRJB) that has been variably defined as a jugular
bulb that rises to the level of the basal turn of the cochlea,
within 2 mm of the internal auditory canal (IAC),4 or to the
level of the superior tympanic annulus.> A HRJB has been
implicated as the cause of symptoms including dizziness,
conductive hearing loss, sensorineural hearing loss, vertigo,
and pulsatile tinnitus>>~7 Sensorineural hearing loss,
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vertigo, and dizziness may result from dehiscence of the
jugular bulb with inner ear structures such as the semicircular
canals or vestibular aqueduct. The prevalence of the HR]B has
been cited from 8% to 32.5%,%° but dehiscence of the jugular
bulb into inner ear structures is uncommon, with studies
citing a prevalence between 1.5% and 11.5%.>%10

Meniere disease or endolymphatic hydrops has been
associated with a HRJB in several articles.”''~'3 The hypoth-
esized mechanism of pathophysiology is dehiscence of the
HRJB with inner ear structures.'’'>14 Two authors demon-
strated higher frequencies of jugular bulb abnormalities in
people with Meniere disease than in the general popula-
tion,'>1° suggesting a pathophysiologic link between abnor-
malities of the jugular bulb and Meniere disease. The purpose
of the current study was to identify the prevalence of HRJB in
patients with suspected Meniere disease, as well as to corre-
late jugular bulb anomalies with results of electrocochleog-
raphy (ECOG) testing, a diagnostic tool in Meniere disease.

Materials and Methods

This study was approved by our institutional review board.
The study was a retrospective review, and patients were
selected from 2000 to 2012 using the International Classifi-
cation of Diseases, 9th edition (ICD-9) code 386.xx (Meniere’s
disease-unspecified). The charts were then reviewed, and
patients treated medically for definite Meniere disease were
included in the study. All patients were required to have
undergone an imaging study that included views of the
bilateral jugular bulbs available for review. Basic demograph-
ics, audiological data, and ECOG results were recorded. ECOG
values were retrospectively collected and recorded as the
summation potential-to-action potential (SP:AP) ratio. Pa-
tients were excluded if they did not have SP:AP values
available. A single radiologist then evaluated all of the imag-
ing studies for dimensions of the jugular bulb and evidence of
HRJB or jugular bulb abnormality dehiscence in the inner ear.

Computed Tomography Imaging Protocol

We performed computed tomography (CT) examinations on
the patient cohort in accordance with our routine brain,
temporal bone, sinuses, or maxillofacial protocol. All CT
examinations were obtained on a 64-detector row CT scanner
(Lightspeed VCT; GE Healthcare, Milwaukee, Wisconsin, Unit-
ed States). CT brain examinations were axially acquired with a
slice thickness of 1.25 mm with 5-mm-thick coronal refor-
mats. The CT temporal bone examinations were helically
acquired with a slice thickness of 0.0625 mm and a 0.3-mm
reconstruction interval, with 1-mm-thick coronal reconstruc-
tions. CT sinus and maxillofacial examinations were helically
acquired with a 1.25-mm slice thickness and reconstruction
interval with 1.25-mm coronal and sagittal 1.5-mm-thick
reformats.

Magnetic Resonance Imaging Protocol

Magnetic resonance imaging (MRI) examinations were per-
formed with either of two 1.5-T MRI units (Intera or Achieva;
Philips Medical Systems of North America, Cleveland, Ohio,
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United States) with and without intravenous contrast (0.1
mM/kg, Magnevist; Bayer HealthCare Pharmaceuticals,
Wayne, New Jersey, United States, or MultiHance; Bracco
Diagnostics Inc.,, Monroe Township, New Jersey, United
States). Measurements were performed on axial postcontrast
enhanced spin-echo T1-weighted images (MRI neck: 4 mm
thick; MRI brain: 5 mm thick; MRI IAC: 2.5 mm thick).

Image-Based Measurements

Of the 79 patients included in this cohort, 38 patients had MRI
examinations only, 9 patients had CT examinations only, and
32 patients had both CT and MRI examinations. Of the MRI
examinations, 67 patients had an MRI using an IAC protocol, 2
patients had MRI utilizing a neck protocol, and one patient
had a routine brain MRI For CT, 25 patients had routine
noncontrast CT brain examinations, 11 patients had temporal
bone CT scans, 3 patients had CT sinus examinations, and 2
patients had a neck CT. Jugular bulb measurements were
performed in both the axial and coronal planes on both the CT
and MRI examinations for all patients with both imaging
modalities, but we preferentially used the CT examination for
measuring the jugular bulb diameters for data analysis due to
superior bony resolution (=Figs. 1 and 2). The jugular bulb
was defined as the dilated portion of the upper jugular vein at
the junction between the sigmoid sinus and the jugular
vein.'® The anteroposterior and mediolateral diameters of
the jugular bulb were measured on axial and coronal images.
The presence of a HRJB, defined as a jugular bulb that
extended into the middle ear, above the level of the floor of
the IAC'7 or tympanic annulus,'® was also recorded. Any
associated dehiscence of inner ear structures was also re-
corded. After determining the mediolateral and anteropos-
terior dimensions of the jugular bulb, the estimated cross-
sectional area of the jugular bulb was calculated using the
formula for an ellipse. We used the standard formula of rab,
where a is half the anteroposterior diameter and b is half of
the mediolateral diameter of the ellipse.

A chi-square analysis was performed comparing the prev-
alence of HRJB in ears with endolymphatic hydrops symp-
toms and the prevalence of HRJB in ears without
endolymphatic hydrops symptoms. A t test was used to

Fig. 1 Axial contrast-enhanced computed tomography through the
level of the jugular bulb with the transverse line depicting the
mediolateral diameter of the right jugular bulb and the vertical line
demonstrating the anteroposterior diameter of the right jugular bulb.
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Fig. 2 Coronal contrast-enhanced computed tomography through
the level of the jugular bulb with the line illustrating the mediolateral
diameter of the right jugular bulb.

compare ECOG results between ears with both endolymphat-
ic hydrops and HRJB, and ears with endolymphatic hydrops
and without HRJB.

Results

A total of 92 patients had the ICD-9 code 386.xx and had
imaging through the temporal bone. Fourteen patients did
not have ECOG results available for review and were exclud-
ed. A total of 78 patients (156 ears) were included in the final
study. The average age was 48.31 years (range: 18-82 years);
the male-to-female ratio was 1:2.25 (24 men and 54 women).
Of the 78 patients, 7 met the criteria for probable or definite
Meniere disease, 48 met the criteria for possible Meniere
disease, and 23 patients were suspected of having Meniere
disease and were treated medically with diet alteration or
diuretics, but not enough retrospective clinical information
was available to categorize them based on the American
Academy of Otolaryngology criteria.'® The prevalence of
HRJB in all suspected endolymphatic hydrops patients was
9.0% (7 of 78) and 4.5% (7 of 156) in all ears. The prevalence of
HRJB ipsilateral to an ear with suspected endolymphatic
hydrops was 4.6%, or 4 of 88 ears, which was not significantly
different than in ears without suspected endolymphatic
hydrops (4.4%, or 3 of 68 ears; p = 0.97). The prevalence of
HRJB dehiscence with the inner ear was 1.3% (1 of 78) and
was present in only one patient but in an ear with endolym-
phatic hydrops. All HRJBs in this study were right sided, and
right-sided jugular bulb dominance was found in 74% of
patients.

ECOG values were recorded as the SP:AP ratio. Of 78
patients with Meniere disease in this study, all patients had
ECOG findings in at least one ear available for review, and of
those, 64 had results in both ears. In all patients with only
unilateral ECOG results, the test results were available in the
ear with symptoms of Meniere disease. The average SP:AP
ratio in active Meniere disease ears was 45.9; in ears without
active disease (but in patients who still carried the diagnosis
in the other ear), it was 32.1. The mean ECOG value for ears
with active endolymphatic hydrops and HRJB was 41.2. A
correlation coefficient was calculated between the jugular
bulb cross-sectional area and ECOG SP:AP ratio, demonstrat-
ing no significant correlation (r = 0.06).
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Jugular bulb volume was calculated on both sides for all
patients. All HRJBs in this study were right sided, and right-
sided jugular bulb dominance was found in 74% of patients.
The average size of the jugular bulb in the right ear was 37.4
mm?; it was 27.0 mm? on the left side (p < 0.001).

Discussion

In this study we used CT and MRI to determine the prevalence
of a HRJB in a cohort of patients with suspected Meniere
disease. We found that the prevalence of HRJB (9.0%) and
inner ear dehiscence (1.3%) to be similar to that reported in
the literature for HRJB (8-32.5%>%%) and inner ear dehiscence
(1.5-11.5%>°19) in the general population. Using asymptom-
atic ears on patients with Meniere disease as a control, we
found no difference in the prevalence of HRJB between
affected ears (4.6%) when compared with unaffected ears
(4.4%); p = 0.97. Interestingly, the only incidence of inner ear
dehiscence with a HR]B was ipsilateral to an ear with Meniere
disease.

Other articles have examined the prevalence of HRJB in
patients with Meniere disease.''> In one study, the authors
found that 57.1% of 26 patients with definitive Meniere
disease had evidence on a high-resolution CT scan of jugular
bulb abnormalities,'® but, interestingly, HR]B and inner ear
encroachment from the jugular bulb were not more common
in affected Meniere ears. All patients in this series were being
evaluated for surgical management of intractable Meniere
disease, suggesting a severe clinical spectrum of symptoms
that does not represent the overall course of disease for most
patients in the current series.

In another article, the authors examined 200 ears of 167
patients with Meniere disease and 218 ears of 109 patients
without symptoms of Meniere disease, finding a higher
number of HR]Bs, jugular bulb diverticula, and jugular bulbs
in close proximity to the inner ear in the Meniere disease
group.” They did find an increase in HRJB ipsilateral to
affected Meniere ears but no increase in inner dehiscence
in the Meniere patients when compared with control pa-
tients. This contrasts with our findings and the article by
Redfern et al'? that did not demonstrate a higher prevalence
of HRJB ipsilateral to the affected Meniere disease ear.

Additionally, it should be noted that in a review of 30
patients with inner ear dehiscence, Friedmann et al?0 re-
ported that only 15 had any symptoms, and only 2 of these
patients demonstrated symptoms of endolymphatic hydrops.
Overall it would appear that a definitive relationship has not
yet been identified between endolymphatic hydrops and
Meniere disease. The current study does not demonstrate a
higher prevalence of HRJB associated with Meniere disease,
whereas in other studies there is an increase in jugular bulb
abnormalities in patients with Meniere disease, but these
abnormalities are variably associated with affected Meniere
ears.!>1°

To our knowledge, this is the first article to study ECOG
findings, Meniere disease, and the relationship with the HRJB.
It was not surprising to find that the ECOG SP:AP ratios in
active Meniere ears were higher than in inactive ears because
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endolymphatic hydrops has been associated with elevated
SP:AP ratios.?'+?2 Perhaps unsurprisingly as well, there was no
difference in ECOG results between the HRJB ears with
Meniere (average: 41.1) and Meniere ears without a HR]B
(46.3)(p = 0.6). Correlation coefficients between jugular bulb
area and ECOG were calculated demonstrating no significant
correlation (r = 0.06) between jugular bulb volume and
ECOG, suggesting there is not a strong relationship between
the size of the jugular bulb and inner ear abnormalities
resulting in elevation of the SP:AP ratio. The single ear with
a dehiscent jugular bulb recorded a markedly elevated SP:AP
ratio of 80, but without a larger series of inner ear dehiscence
we cannot make assumptions about a relationship between
dehiscence and the SP:AP ratio.

This study was done retrospectively at a single academic
institution, so it may not be possible to extrapolate this
information to all populations. Imaging evaluation was not
standardized, with the patients undergoing different CT
scanning protocols, different image slice thicknesses, and
differences in contrast administration. Additionally, 38 of
78 patients underwent MRI only, which has less bony detail
compared with CT. Even with these limitations, HR]B was
identified in three patients with MRI only and in four patients
with CT scan. No inner ear dehiscence was identified on MR,
and it may be that this modality is not as reliable in identify-
ing inner ear dehiscence with a jugular bulb. Overall, the
incidence of inner ear dehiscence may be slightly underrep-
resented in this study.

The diagnostic criteria for Meniere disease were not
standardized. Patients were selected for inclusion based on
medical treatment for Meniere disease with diuretics or diet
alterations. Most patients (53 of 78) fit into established
American Academy of Otolaryngology criteria,'® but a sizable
percentage could not be characterized due to limited retro-
spective information. This is a large spectrum of clinical
disease, and it may be that in patients with definite Meniere
disease, the prevalence of HRJB, or jugular bulb abnormalities
is significantly higher.

Conclusion

In this study Meniere disease does not appear to be correlated
with a higher prevalence of HR]B or jugular bulb abnormali-
ties. The SP:AP ratio in ECOG does not appear related to the
size of the jugular bulb. Jugular bulb abnormalities do not
appear in most patients with suspected Meniere disease, and
the relationship between the two entities remains poorly
elucidated.
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