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Does the intravenous administration of frusemide
reduce endolymphatic hydrops?
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Abstract

Objective: To verify the hypothesis that intravenous frusemide reduces endolymphatic hydrops, as evaluated by
three-dimensional fluid-attenuated inversion recovery magnetic resonance imaging following intratympanic
gadolinium administration.

Methods: The study comprised 12 patients (7 females and 5 males, aged 19—74 years) with Méniére’s disease.
Disease duration ranged from 0.5 to 8 years, with a frequency of 0.5 to 6 vertigo spells per month, as calculated in
the last 6 months. Three-dimensional fluid-attenuated inversion recovery magnetic resonance imaging was
performed 24 hours after intratympanic injection of gadobutrol diluted eight-fold. Frusemide 20 mg was given
intravenously immediately after imaging. Magnetic resonance imaging was repeated after 1 hour, using the same
parameters and sequence.

Results: All patients showed enhancement defects, indicating endolymphatic hydrops of variable degrees. No
modifications occurred at the second magnetic resonance imaging performed 1 hour after frusemide administration.

Conclusion: There was no evidence of endolymphatic hydrops modification 1 hour after intravenously
administered frusemide. Therefore, loop diuretics in Méniere’s disease, which are today used on an empirical
basis, must be reconsidered. Implications of these outcomes are discussed and related to the role of
endolymphatic hydrops in the development of Méniére’s disease.
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Introduction

Endolymphatic hydrops is a typical marker of
Ménicre’s disease. This has been demonstrated in
autopsy specimens,'* and in vivo using 3 T magnetic
resonance imaging (MRI) following intratympanic or
intravenous gadolinium administration.>® In particular,
MRI is a reliable method for advancing our knowledge
of the clinical manifestation of M¢nicre’s disease
related to endolymphatic hydrops.”* Imaging of endo-
lymphatic hydrops relies on the enlargement of the
space occupied by non-enhancing endolymph-filled
membranous structures, at the expense of visualisation
of enhancing perilymphatic compartments.”® The fact
that increased severity of perilymphatic enhancement
defects of cochlear and vestibular structures is asso-
ciated with increased duration of Méniére’s disease
indicates that endolymphatic hydrops is a progressive
degenerative phenomenon.” Endolymphatic hydrops
progression, as a function of Méniére’s disease dur-
ation, does not preclude the possibility of observing
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spontaneous or drug-induced fluctuations of the
hydrops. Anecdotal cases of altered endolymphatic
hydrops severity on MRI during remission of the
disease,” or following medical treatment with osmotic
diuretics,'® have been reported.

Endolymphatic hydrops depletion tests have been
clinically used to improve the diagnosis of Méniere’s
disease. Typically, acute glycerol administration is
used; it is believed that this acts on the cochlear
hydrops, as it improves auditory thresholds and
reduces summating potentials on electrocochleogra-
phy.'" However, the frusemide test, associated with
caloric stimulation and vestibular-evoked myogenic
potentials, has been used to reveal vestibular
hydrops.lz*15

The present paper investigates the acute modifica-
tions induced by the intravenous administration of fru-
semide on endolymphatic hydrops, as revealed by
three-dimensional fluid-attenuated inversion recovery
(3D-FLAIR) sequence imaging conducted in a 3T
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MRI unit, following intratympanic gadolinium admin-
istration. The study aimed to assess the efficacy of fru-
semide in reducing endolymphatic hydrops, and to
contribute to our understanding of the role of endolym-
phatic hydrops in Méniére’s disease.

Materials and methods

Twelve patients (5 males and 7 females, aged 19-74
years) with Méniére’s disease (diagnosed according
to the Committee on Hearing and Equilibrium guide-
lines'®) were examined with 3D-FLAIR MRI using
intratympanic gadolinium as a contrast medium. The
inclusion criteria were: unilateral disease, recurrent
vertigo attacks, the absence of disorders associated
with secondary endolymphatic hydrops, and no
history of middle-ear or neurological disorders.

Disease duration ranged from 0.5 to 8 years, with a
frequency of 0.5 to 6 vertigo spells per month, as cal-
culated in the last 6 months. The pure tone average at
500 to 3000 Hz ranged from 20 to 60 dB HL in the
affected ear. The contralateral ear showed a pure tone
average equal to or better than 15 dB HL.

Most patients had been treated with different medical
therapy regimens, mainly based on a low-salt diet and
diuretics; these were discontinued at least one month
prior to the MRI examination. However, symptomatic
drugs, such as benzodiazepine and anti-emetics, were
occasionally administered after an acute vertigo spell
during this period.

Intratympanic gadolinium solution was administered
to the affected ear of all patients 24 hours before the
MRI investigation (as per Nakashima et al.”). The hos-
pital medical management team was informed regard-
ing the ‘off-label’ intratympanic use of gadolinium,
and all patients gave written informed consent. The
method of intratympanic gadolinium administration
has been reported in previous articles.®'” Briefly,
0.6 ml of 1:7 gadobutrol (1 mmol/ml) was injected
through the tympanic membrane, using a 22-gauge
spinal needle. The patient was kept with their head
rotated 45 degrees contralaterally for 30 minutes after
the injection.

The MRI was performed with a 3 T unit (Allegra;
Siemens, Erlangen, Germany), using a four-channel,
receive-only, phased-array coil. The 3D-FLAIR
sequences were acquired using the generalised auto-
calibrating, partially parallel acquisition imaging tech-
nique, with an acceleration factor of 4. The sequence
parameters were as follows: voxel size = 0.4 X 0.4 X
2 mm, signal-to-noise ratio=1, scan time =20
minutes, 12 slices, repetition time = 9000 ms, echo
time = 128 ms, inversion time = 2500 ms, flip
angle = 180 degrees, slice thickness =2 mm, echo
train length = 23, field of view = 16 cm and matrix
size = 384 x 384.

Frusemide 20 mg was given intravenously immedi-
ately after the completion of MRI. The MRI investiga-
tion was then repeated after 1 hour, using the same
parameters and sequence as for the first investigation.
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The MRI scans were evaluated by a neuroradiologist
with long-standing experience (FBP), who was blinded
to patient identity and clinical data. Each portion of the
labyrinth (i.e. the basal, middle and apical turns of the
cochlea; the vestibule; and the superior, posterior and
lateral semicircular canals) was evaluated separately
and judged to have either normal, reduced or absent
enhancement. Enhancement was considered absent
when the examined structure was not visible. When
the endolymphatic content of the considered structure
was clearly visible, the ratio of its area to the total
area was calculated, and a value exceeding one-third
was attributed to the endolymphatic hydrops and clas-
sified as reduced enhancement.'” If there was no visual
evidence of separation between the endolymphatic and
the perilymphatic compartments, the contrast-to-noise
ratio of the considered structure was calculated, accord-
ing to methods reported in a previous paper.'” The
signals of the different portions of the inner ear were
considered reduced when inferior to the tolerance
limit of 54.1 contrast-to-noise ratio.'’

Results

All Méniére’s disease patients showed impaired peri-
lymphatic enhancement of variable degrees in the
affected inner ear, with absent or reduced signals at
the level of vestibular and/or cochlear sites (Table I).
The number of involved sites for each single ear
spanned from 2 to 7. None of the patients showed
MRI changes 1 hour after intravenously administered
frusemide.

Figure 1 shows the MRI findings observed 24 hours
after intratympanic gadolinium administration in a
patient with right-sided Méniere’s disease (patient 12).
Enhancement of the cochlea, and lateral and posterior
semicircular canals was normal. Perilymphatic enhance-
ment was absent in the superior semicircular canal
and markedly reduced in the vestibule, suggesting the
presence of endolymphatic hydrops (Figure 1a). The
imaging picture 1 hour after frusemide administration
was identical to that observed prior to frusemide admin-
istration (Figure 1b).

Discussion

Endolymphatic hydrops is consistently linked to
Ménicre’s disease, although it is not completely clear
whether the former is a cause or a mere epiphenomenon
of the latter."®'? Originally, the so-called ‘central
dogma’ implied a close correspondence between endo-
lymphatic hydrops and symptoms and signs of
Meéniére’s disease, with endolymphatic hydrops
believed to cause clinical manifestations such as epi-
sodic vertigo and hearing loss. However, temporal
bone studies have evidenced that endolymphatic
hydrops may occur in the absence of typical
Méniére’s disease symptoms.'*~° In addition, experi-
mental investigations have shown that the dysregula-
tion of inner-ear fluids caused by cytochemical and
ultrastructural disruption of the fibrocytes of the
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spiral ligament and hair cells precedes endolymphatic
hydrops, which may therefore be just a consequence
of the alterations leading to Méniére’s disease.>'*>
This has prompted some authors to consider endolym-
phatic hydrops an epiphenomenon or marker of
Méniére’s disease.'® Recently, however, a comprehen-
sive review of articles containing descriptions of tem-
poral bones from patients with endolymphatic
hydrops and/ or a history of Méniére’s disease has reva-
lued the hypothesis that endolymphatic hydrops is a
causative factor, mainly based on the consistent pres-
ence of endolymphatic hydrops in virtually all temporal
bones of Méniére’s disease patients.'®

The frequent use of treatments aimed at relieving
hydrops in Méniére’s disease patients supports the
hypothesis that endolymphatic hydrops causes clinical
manifestations of Méniére’s disease. For example,
osmotic and loop diuretics, and carbonic anhydrase
inhibitors, are currently utilised to reduce acute mani-
festations of Méniere’s disease and/or prevent vertigo
attacks, as they are believed to decrease the volume
of the endolymphatic space.””> However, definite evi-
dence of the efficacy of these therapeutic solutions is
lacking.>* Based on the supposed depletive effect on
endolymphatic hydrops, diuretics administration is
also used as a diagnostic tool to confirm the presence
of endolymphatic hydrops, by assessing: improvements
in hearing threshold, caloric excitability and vestibular-
evoked myogenic potentials, and reductions in the
summating  potential on electrocochleography.
Frusemide or glycerol tests are often carried out for
this purpose.'*™ "

On the basis of these assumptions, an imaging tech-
nique, such as 3D-FLAIR MRI performed after intra-
tympanic gadolinium administration, should be able
to visualise the depletive effect of diuretics on endo-
lymphatic hydrops, in terms of improved perilymphatic
enhancement. In particular, frusemide should lead to
reduced enhancement defects in the vestibule and semi-
circular canals, based on its presumed prevalent activity
on these portions of the inner ear.'' "> Frusemide is a
sulfamoyl anthranilic acid with a potent and rapid diur-
etic effect. It depresses the reabsorption of sodium,
water and chloride in both the proximal and distal
tubules, including the ascending limb of the loop of
Henle.”” Frusemide also influences extracellular
fluids, decreasing blood pressure, and cerebrospinal
fluid and ocular pressure. In accordance with these
properties, frusemide may influence endolymphatic
hydrops as a consequence of systemic diuresis. An
alternative hypothesis is the reduced production of
endolymph based on the effect of loop diuretics on
the stria vascularis. This structure undergoes significant
but reversible changes following the administration of
loop diuretics, such as shrinkage of the marginal cells
and swelling of intermediate cells and intrastrial
space.”®?’

In the present investigation, 12 patients with unilat-
eral, active Méniére’s disease were examined with
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FIG. 1

Three-dimensional fluid-attenuated inversion recovery magnetic
resonance imaging scans taken 24 hours after intratympanic gadolin-
ium injection in a 55-year-old female with right-sided Méniere’s
disease (patient 12). A comprehensive axial view was obtained by
processing the images passing through the inner ear by maximum
intensity projection. (a) Basal images obtained before frusemide
administration. Perilymphatic enhancement was absent in the super-
ior semicircular canal and markedly reduced in the vestibule. In par-
ticular, endolymphatic compartments occupied 62 per cent of the
vestibule. (b) Images obtained 1 hour after intravenously adminis-
tered frusemide. No differences could be observed between the
two (pre- and post-frusemide) sequences.

3D-FLAIR MRI performed after intratympanic gado-
linium injection. Contrary to expectations, no subject
showed improvement in endolymphatic hydrops 1
hour after the intravenous administration of frusemide.
This is quite surprising as the frusemide test is reported
to have a sensitivity of approximately 50 per cent in
Meénicre’s disease, as detected by improvements in ves-
tibular-evoked myogenic potential amplitude'> or
caloric reflectivity.'*'* The positive rate depends on
Meénicre’s disease activity being higher for ears with
active vestibular disease than for those with inactive
disease.'” The lack of significant modification of endo-
lymphatic hydrops after frusemide administration may
be attributable to inefficacy of the drug in reducing
hydrops, or to limited sensitivity of the MRI technique.
Further developments of imaging may shed light on
this issue in the near future. The present results are,
however, in agreement with previous imaging
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investigations which showed that endolymphatic
hydrops is a progressive degenerative phenomenon,’
and is scarcely correlated with acute manifestations of
Meéniére’s disease® and the effect of treatment.”*?’
For example, there is no evidence of a reduction of
endolymphatic hydrops following the administration
of intratympanic gentamicin or oral betahistine.”®*

In accordance with histopathological investigations
that demonstrated a relationship between Ménicre’s
disease duration and increased volume of the cochlear
duct and saccule,'”* imaging studies have shown
that endolymphatic hydrops severity increases as a
function of the time elapsed since symptom onset.”
The enhancement defect of the vestibule on MRI is
precocious and becomes severe at five years, whereas
progression of endolymphatic hydrops in the other
inner-ear portions slows with time. For example, pro-
gression of endolymphatic hydrops from the apex to
the base of the cochlea’ is in line with the well-
known phenomenon of low-tone hearing loss in the
initial stages of Méniére’s disease, followed by panto-
nal involvement in more advanced stages of the
disease. In vivo imaging techniques have also shown
a significant correlation between endolymphatic
hydrops and other otoneurological parameters that are
expressions of inner-ear degenerative phenomena,
such as abnormal vestibular-evoked myogenic poten-
tials, and disease duration and stage.®*° Similarly, tem-
poral bone studies have shown that a permanent
threshold shift in the ears of patients with late-stage
endolymphatic hydrops is related to the degeneration
of sensory structures in the cochlea.>' However, no cor-
relation was found between endolymphatic hydrops
severity, as revealed on MRI, and some parameters
linked to acute manifestations, such as the frequency
of vertigo attacks, the time interval since the last
attack and the functional level scale.®

These outcomes suggest that the symptomatological
complex characterising M¢énicre’s disease attacks
cannot be related to acute variations of endolymphatic
hydrops, and that this pathological aspect of Ménicre’s
disease is not subject to undergo significant spontan-
eous or drug-induced rapid modifications. In a recent
study, both cochlear and vestibular endolymphatic
hydrops became negative or reduced in four of seven
patients who underwent endolymphatic sac surgery
with sac incision, gelatine film insertion and steroid
application.*” Interestingly, the number of vertigo
spells was reduced in all 7 patients at 6—12 months
after surgery, indicating that acute symptomatology is
not fully dependent on endolymphatic hydrops.

On the basis of these observations, we present a first
hypothesis to answer the old question of whether endo-
lymphatic hydrops is a cause or an epiphenomenon of
Méniere’s disease (Figure 2). The consistent presence
of endolymphatic hydrops in Méniére’s disease strongly
indicates a fundamental role of this pathological marker
in the manifestations of the disease. Hydrops develops
from a process that is still elusive, despite numerous
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Schematic representation of the possible role of endolymphatic hydrops in the development of symptoms and signs of Méniere’s disease. See
main text for full description.

hypotheses indicating increased production or decreased
absorption of endolymph. Endolymphatic hydrops may
remain mild and asymptomatic for an indefinite period
of time, being necessary but not sufficient to cause
Meéniére’s disease.'® It is possible that endolymphatic
hydrops acquires a progressive course with the contribu-
tion of additional factors, such as ischaemic injury.”’
This may be compatible with the imaging observation
of limited hydropic enlargement in the initial forms of
Méniére’s disease.” The progression of endolymphatic
hydrops with time, and the correlation of its extent and
severity with some degenerative signs, as evidenced
on otoneurological investigation, ** makes it conceivable
that endolymphatic hydrops is a cause of the degenera-
tive counterpart of Méniére’s disease. A direct mechanic
effect, impairing microcirculation, with degeneration of
the stria vascularis, hair cells and dendrites, may be
hypothesised.>® Direct injury of the inner-ear structures
by the same microcirculation defect may cause endo-
lymphatic hydrops evolution and impaired autoregula-
tion of blood flow to the inner ear provoked by the
endolymphatic hydrops.* 3¢

Ischaemic events contributing to endolymphatic
hydrops and its pathological consequences may also
be independent factors that trigger acute manifestations
of Méniere’s disease, such as fluctuating hearing loss
and vertigo spells. The vascular theory of Méniere’s
disease attacks has recently been revalued by Foster
and Breeze, who hypothesised that Méniére’s disease
spells occur when perfusion pressure has been
lowered to just above the ischaemic threshold in an
ear with pre-existing endolymphatic hydrops.**> From
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this point of view, the endolymphatic hydrops should
be considered as an epiphenomenon of Ménicre’s
disease, as the same pathological processes result in
both Méniére’s disease symptoms and endolymphatic
hydrops evolution independently, and the progression
of endolymphatic hydrops does not significantly influ-
ence acute manifestations of the disease.”®

o Endolymphatic hydrops is a typical marker of
Méniére’s disease

e This has been demonstrated in autopsy
specimens, and in vivo using magnetic
resonance imaging (MRI) after intratympanic
or intravenous gadolinium injection

o Depletion tests using glycerol or frusemide are
currently employed to reveal hydrops

o The present study did not show any short-
term endolymphatic hydrops modification, as
revealed by MRI, after intravenously
administered frusemide

o The reported effects of frusemide on
Ménieére’s disease symptoms and signs
probably cannot be attributed to a reduction
of endolymphatic hydrops

Conclusion

The present investigation did not show any modification
of endolymphatic hydrops 1 hour after the intravenous
administration of frusemide. The reported effects of this


https://doi.org/10.1017/S0022215115003527

INTRAVENOUS FRUSEMIDE TO REDUCE ENDOLYMPHATIC HYDROPS

drug on the symptoms and signs of Ménicre’s disease
probably cannot be attributed to a reduction of endolym-
phatic hydrops. It must be stressed, however, that a system-
atic review failed to demonstrate an effect of diuretics on
vertigo, hearing loss, tinnitus or aural fullness in clearly
defined Méniére’s disease.” In addition, Pirodda et al.
have recently outlined the possibility of adverse effects
of diuretics on inner-ear function associated with an
abrupt lowering of blood pressure, with exaggerated vaso-
motor response inducing local ischaemia.’’ Therefore,
diuretics in Méniere’s disease, which are today used on
a purely empirical basis, must be reconsidered.
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