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Chronic Cerebrospinal Venous Insufﬁciency and Menière’s Disease:
Interventional Versus Medical Therapy
Giuseppe Attanasio, MD, PhD; Luigi Califano, MD; Aldo Bruno, MD; Vincenzo Giugliano, MD;
Massimo Ralli, MD, PhD ; Salvatore Martellucci, MD ; Claudia Milella, MD; Marco de Vincentiis, MD;
Francesca Y. Russo, MD, PhD ; Antonio Greco, MD
Objectives/Hypothesis: To evaluate the incidence of chronic cerebrospinal venous insufﬁciency in Menière’s disease
patients and the effect of bilateral percutaneous transluminal angioplasty of the jugular/azygos veins compared to medical
therapy.
Study Design: Prospective case–control study.
Methods: Five hundred fourteen subjects were included in the study, 412 affected by deﬁnite Menière’s disease, and
102 healthy controls. All patients underwent audiovestibular and vascular examination. Patients with Menière’s disease and
concomitant cerebrospinal venous insufﬁciency were divided in two subgroups: patients who underwent vascular intervention
with bilateral percutaneous transluminal angioplasty (PTA) of the jugular/azygos veins and patients treated with medical
therapy.
Results: Chronic cerebrospinal venous insufﬁciency was diagnosed in 330/412 (80.1%) Menière’s disease patients and in
12/102 healthy individuals (11.8%) (P < .001). In the two chronic cerebrospinal venous insufﬁciency subgroups, a signiﬁcant
difference in Dizziness Handicap Inventory scores was found between patients in the PTA group compared to patients treated
with medical therapy (31  8.6 vs. 48.1  14.4; P < .001); no signiﬁcant differences were found for the Tinnitus Handicap
Inventory scores (50.8  16.58 vs. 49.6  17.5; P = .23). Subjective evaluation of aural fullness was signiﬁcantly better in
patients in the PTA group (P = .003) as well as pure-tone average, which was signiﬁcantly different between groups
(49.8  16.5 dB in the PTA group vs. 55.8  13 in the medical therapy group; P = .035).
Conclusions: The results of the present study conﬁrm the close relationship between vascular disorders and Menière’s
disease. The encouraging responses to vascular interventional therapy on Meniére’s disease symptoms suggest that this may
be a promising path for interpretation and treatment of this complex disease.
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INTRODUCTION

Menière disease (MD)1 is a chronic inner ear disease
characterized by the presence of endolymphatic hydrops
(EH) and clinically denoted by the presence of four symptoms: mono- or bilateral hearing loss, tinnitus, aural fullness, and acute recurrent dizziness. MD diagnosis is based
on the criteria of the Baràny Society.2 EH appears to be
the pathological substrate necessary, but is not sufﬁcient
to cause a clinically evident disease. However, to date it
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has not been demonstrated that EH is responsible for the
entire cochlear and vestibular symptomatology.3–13
The disease often begins unilaterally but may involve
the contralateral ear in a certain percentage of cases, with
a progressive increase over the years.14–19 There is no evidence of efﬁcacious medical therapy in the treatment of the
MD, despite the many proposed drugs or techniques.20,21
Intratympanic therapies with steroid or gentamicin showed
some evidence of efﬁcacy; surgical therapy is currently indicated only for cases unresponsive to medical therapy.22–26
The physiopathology of MD is still controversial.
Godlowski27 hypothesized that the elevation of the hydrostatic pressure at the arterial end of the microcirculation
in the stria vascularis may increase the force that drives
ﬂuid from the capillaries into the endolymphatic space. In
such an event, the hydrostatic pressure within the endolymph rises only if the ﬂuid is not eliminated at an equal
rate back into the blood at the venous end of the stria
vascularis, which ﬁnally drains into the internal jugular
vein (IJV). Other authors have suggested that alterations
in the inner ear venous drainage may promote EH.28–32
In 2006, Zamboni described ﬁve ultrasound parameters that assess both anatomic and functional alterations
of the neck venous blood ﬂow, which amount to the
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clinical picture of chronic cerebrospinal venous insufﬁciency (CCSVI).33 CCSVI has been described as a chronic
vascular condition characterized by restricted venous outﬂow from the brain and spinal cord, mainly due to
narrowing or blockage of the veins in the head and neck.
This condition may lead to substitute circles, venous
reﬂux, and deposition of iron in the central nervous system, and is diagnosed if a patient presents at least two of
the ﬁve parameters described by Zamboni.33 In 2009,
CCSVI was identiﬁed as a unique venous disease by the
Consensus Document of the International Union of Phlebology on Venous Malformations,34,35 and in the same
year Zamboni et al. proposed an endovascular treatment
of the CCSVI lesions through percutaneous transluminal
angioplasty (PTA).36
CCSVI may represent a predisposing factor for
developing inner ear disorders such as MD. Based upon
both the anatomy of venous inner ear drainage, an excess
of endolymphatic ﬂuids could be secondary to a chronic
reduced or altered venous drainage of the anterior and
posterior vestibular veins, and/or of the cochlear veins
into the venous cerebrospinal system.37 Data obtained
from recent studies seem to support the possible relationship between CCSVI and MD.38–43
The aims of this study were 1) to evaluate the incidence
of CCSVI in MD compared to that of CCSVI in a healthy
control group; and 2) in patients affected by MD and CCSVI,
to evaluate the effects of bilateral PTA of the jugular/azygos
veins (AVs) on CCSVI anatomic and functional lesions and
evaluate the effects of bilateral PTA of the jugular/AVs on
MD symptoms compared to medical therapy.

MATERIALS AND METHODS
Five hundred fourteen subjects were included in the study.
The study group included 412 nonconsecutive patients presenting to the otolaryngology department’s audiology unit of our
university between April 2013 and June 2017 with a diagnosis of
deﬁnite MD. The control group included 102 healthy volunteers
without neurologic or audiovestibular diseases. All 514 patients
underwent audiovestibular and vascular examination.
Patients with concomitant MD and CCSVI were divided in
two subgroups: patients who underwent vascular intervention
with venography of the IJVs and AVs and bilateral PTA of the
jugular/AVs (PTA group), and patients treated with medical
therapy consisting of betahistine plus heparinoid (medical therapy group). Each patient could choose between the two proposed
treatment options.
All of the 514 patients were asked to continue to follow the
directions related to the limited consumption of substances such
as caffeine, alcohol, tobacco, and sodium. Patients’ demographics
and characteristics are shown in Table I.
This experimental study was approved by the ethics committee of the Italian National Health Service, Comitato Etico
Campania Nord, and was performed according to the Declaration
of Helsinki.

TABLE I.
Clinical Characteristics of Patients With Concomitant Menière’s
disease and Chronic Cerebrospinal Venous Insufﬁciency Before
Intervention.
Patients, n = 330

PTA, n = 134

Medical Therapy,
n = 196

P Value

Age, yr

47.4  11.43

47. 2  7.81

.45

Disease duration, yr

0.5–28

0.2–25

.48

Pure-tone audiometry,
dB HL

57.9

54.8

.48

THI

50.2

52.4

.65

DHI

54.6

55.04

.93

DHI = Dizziness Handicap Inventory; PTA = percutaneous transluminal
angioplasty; THI = Tinnitus Handicap Inventory.

acoustic immittance test, and complete vestibular examination. Subjects completed the Italian versions of the Dizziness Handicap Inventory (DHI) 44 and the Tinnitus Handicap Inventory (THI).45 MD was
diagnosed according to the 1995 American Academy of
Otolaryngology–Head and Neck Surgery Foundation criteria.3

Vascular Examination
All patients underwent duplex ultrasound of the neck veins
and intracranial venous circulation according to the 2011 International Society for Neurovascular Disease Consensus criteria34 and
modiﬁed by guidelines published in 2014.46 To reduce bias, a single
expert ultrasonographer performed all duplex ultrasound evaluations. The morphology of the IJVs was assessed by means of highresolution B-mode ultrasound equipped with 2.5 and 7.5 to 10 MHz
probes and quality Doppler proﬁle system (QDP) and hemodynamics. Septa/valve malformations and membranes able to inﬂuence
the venous hemodynamics of cerebral veins in these patients were
considered signiﬁcant venous anatomical abnormalities.47
CCSVI was diagnosed when two or more criteria of the
Zamboni diagnostic criteria were found (Table II). Intraobserver
variability was calculated, aiming to measure the reproducibility
of ultrasound evaluations, and its value of 0.89 according to the
intraclass correlation coefﬁcient was classiﬁed as good if >0.80.

Vascular Intervention

Patients underwent an anamnestic interview, with special
attention to the number of acute vertigo episodes during the previous
6 months, a full ear, nose and throat examination, audiological tests
with pure-tone audiometry at the frequency range 500 to 3,000Hz,

The main criterion adopted to deﬁne stenosis of the IJV or AV
at venography was at least 50% stenosis of the vein compared with
the diameter of an adjacent segment of the vein. Stenosis was conﬁrmed if two of the following additional criteria were met: 1) emptying time of 4 to 6 seconds in all vein projections, 2) intraluminal
abnormalities (e.g., web, septa, valvular abnormalities), and 3) collateral veins with a faster emptying time compared with IJV or AV.
The following PTA protocol was applied: percutaneous
right/left femoral access under local anesthesia; administration
of 2,500 IU of heparin sodium; selective venography of the IJV
and AV in three views using a 100-cm4-FBER 2 hydrophilic catheter for the IJV and a 100-cm4-F Cobra catheter for the AV
mounted on a 0.035-inch hydrophilic guide wire (Cordis, Miami
Lakes, FL). Drainage time of the IJV and AV was evaluated.
Dilation was performed with a low-compliance PTA catheter and
a 10- to 20-mm balloon (MaxiLD; Cordis) for the IJV and a 10- to
12-mm balloon (MaxiLD; Cordis) for the AV using inﬂations
assisted by an inﬂation device for 120 seconds at 4 to 8 atm. At
discharge, low-molecular-weight heparin was prescribed at a
therapeutic dosage (6,000 IU twice daily) for 20 days, followed by
mesoglycan at a dosage of 100 mg/d for 12 to 24 months.
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TABLE II.
Zamboni Diagnostic Parameters for CCSVI.*
1. Reﬂux in the IJVs and/or VVs in
orthostatic and supine postures

Pathological when reversal ﬂow lasted
>0.88 seconds

2. Bidirectional ﬂow (or reﬂux) in
the intracranial veins and
sinuses

Using the same intracranial approach
and QDP system

3. B-mode abnormalities/stenosis
of the IJVs including:
A. Morphological stenosis

Presence of severe reduction of the
CSA of IJVs in the supine position
(<0.3 cm2), which does not increase
with Valsalva maneuver

B. Hemodynamic stenosis

Signiﬁcant stenosis with simultaneous
presence of intraluminal defects
such as webs, septa, or malformed
valves, and hemodynamic changes
(block, reﬂux, increased velocity
ﬂow)

4. Flow not Doppler—detectable
in IJVs and/or VVs despite
numerous forced inspirations

Tested in both sitting and supine
position

5. Negative Δ cross-sectional area
in the IJV

Value is obtained by measuring the
difference in IJV cross-sectional
area between the supine and
upright positions.

*CCSVI was diagnosed when two or more criteria were found.
CCSVI = chronic cerebrospinal venous insufﬁciency; CSA = crosssectional area; IJVs = internal jugular veins; QDP = quality Doppler proﬁle;
VVs = vertebral veins.

vertigo,3 using the ratio between the number of spells of vertigo in the
6 months before the therapy and in the 18- to 24-month period after
the therapy. Outcomes were grouped as positive outcome (class A–B)
or negative outcome (class C–F). Posttherapy pure-tone averages were
compared with pretherapy pure-tone averages. Aural fullness was
subjectively evaluated (disappeared, improved, unmodiﬁed, and worsened). Patients in the medical therapy group were invited to ﬁll in a
diary reporting the regular intake of the therapy.
Patients in the PTA group underwent duplex ultrasound of
the neck veins and intracranial venous circulation to evaluate the
effects of PTA on CCSVI. Resolution or marked improvement
(>80%) of vein stenosis, normal outﬂow, and disappearance of collateral venous circulation were considered signs of successful PTA.

Statistical Analysis
Demographic data were analyzed by t test. A Fisher exact
test was used to evaluate the association between CCSVI and
deﬁnite MD when compared to the control population, aural fullness, and the effects on vertigo spells. Comparison between preand posttherapy audiological staging was performed through a χ2
test. An unpaired t test was used to compare pretherapy DHI
and THI values in PTA patients versus medical therapy patients,
pre- versus posttherapy DHI and THI values, and pre- versus
posttherapy pure-tone averages. The outcome of the alterations
determining the diagnosis of CCSVI before PTA and at 24 months
was also analyzed by Fisher exact test as follows: favorable outcome = absence of venous lesions, unfavorable outcome = persistence of venous lesions. IBM SPSS Statistics for Windows
version 20 (IBM, Armonk, NY) was used to analyze the data.

Follow-up
A 24-month follow-up was considered the end point of the study
according to the American Academy of Otolaryngology criteria.3
Twenty-four months after initial diagnosis, patients underwent a new
audiovestibular examination. Based on their level of vertigo control,
patients were included in one of the A to F classes of control of

RESULTS
Within the MD study group, unilateral disease was
found in 320/412 patients (77.8%), whereas 92/412 had
bilateral MD (22.2%); 217 were female (52.5%) and 195 were

Fig. 1. Flowchart of the study group. CCSVI = chronic cerebrospinal venous insufﬁciency; MD = Menière’s disease; PTA = percutaneous transluminal angioplasty.
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TABLE III.
Parameters Evaluated During Vascular Examination and
Comparison Between CCSVI-Positive Patients With and
Without MD.
CCSVI-Positive
Healthy Controls:
12/102 (12.7%)

CCSVI-Positive
MD Patients:
330/412 (80%)

Parameter 1: IJVs and/or VVs reﬂux

7/12 (58.3%)

147/330 (44.5%)

Parameter 2: Intracranial veins reﬂux

10/12 (83.3%)

264/330 (80%)

A. Morphological

11/12 (91.7%)

297/330 (90%)

B. Hemodynamic

5/12 (41.7%)

230/330 (69.7%)

Parameter 4: Cervical veins
blocked outﬂow

0%

147/330 (44.5%)

Parameter 5: ΔCSA

0%

10/330 (3.3%)

Parameter 3: IJVs stenosis

CCSVI = chronic cerebrospinal venous insufﬁciency; CSA = crosssectional area; IJVs = internal jugular veins; MD = Menière’s disease; VVs =
vertebral veins.

male (47.5%). The mean age was 44  22.3 years (range,
34–76 years). The onset of MD ranged from 28 years to
6 months prior to inclusion in the study. In the control
group, 54 were female (52.9%) and 48 male (47.1%), and the
mean age was 49.3  7.8 years.
CCSVI was diagnosed according to the Zamboni criteria
in 330/412 (80.1%) MD patients and in 12/102 healthy individuals (11.8%); no signiﬁcant differences in mean age and
sex were found between CCSVI+ and CCSVI− patients. A
signiﬁcant difference in CCSVI incidence was found between
MD patients and the control group (P < .001).
In patients with concomitant MD and CCSVI,
134/330 patients (40.6%) underwent bilateral PTA of jugular/AVs and 196/330 patients (59.4%) were treated with
medical conservative therapy. Among patients who
underwent vascular intervention, 95 had unilateral MD,
39 bilateral MD, 64 were male, and 70 were female. The
mean age was 47.4  11.43 years. Among patients
treated with medical therapy, 141 had unilateral MD,
55 bilateral MD, 101 were male, and 95 were female. The
mean age was 47.2  7.81 years. There was no signiﬁcant
difference between the PTA group and medical therapy
group for age (P = .45), duration of disease (range,
6 months–28 years and 3 months–25 years, respectively),
initial pure tone threshold audiometry (57.9 vs. 54.8 dB
HL; P = .48), initial THI (50.2 vs. 52.4; P = .65), and

initial DHI (54.6 vs. 55.04; P = .93) (Table I). A ﬂowchart
of the study protocol is shown in Figure 1.

Characteristics of CCSVI Lesions
CCSVI lesions were always bilateral, both in unilateral MD and in bilateral MD. In unilateral MD patients,
the affected side presented either a higher number of positive parameters and/or the narrowest lesions. In bilateral MD cases, the higher number of positive parameters
and/or the narrowest lesions were on the side initially
diagnosed with MD. JVs were involved in 100% of cases,
of which only two cases were unilateral. AV involvement,
observed during venography, was present in 35 patients
(13.1%). Table III shows the diagnostic parameters found
at duplex ultrasound evaluation. There were no major
complications; minor complications (short-term ﬁbrosis of
the jugular vein and an inguinal hematoma) occurred in
two patients.

Effects of Vascular Intervention on CCSVI
Anatomic and Functional Lesions
To date, 120 patients reached the 24-month follow-up,
70 in the PTA group and 50 in the medical conservative therapy group. In the PTA group, ultrasound on CCSVI lesions
showed anatomical and functional restoration of normal ﬂow
in 60 patients (85.7%), venous restenosis in 6/70 patients
(8.7%), and unmodiﬁed lesions in four patients (5.6%).

Effects of Vascular Intervention on MD and
Comparison With Medical Therapy
In patients in the PTA group, DHI scores were
reduced from 54.62  17.39 to 31  8.6 (P < .001) and
THI from 50.2  17.4 to 43.5  18.06 (P = .24). Additionally, 49/70 patients (70%) reported an improvement in
aural fullness, 21/70 (30%) were unchanged, and no cases
worsened. The pure-tone average changed from 52.9 
17.19 dB HL to 49.8  16.58 dB HL (P = .22) (Table IV).
Medical history evaluation of acute dizziness episodes
occurring between 18 and 24 months after PTA showed
good control of vertigo (class A–B) in 57/70 patients
(81.4%) (class A: 25 patients, class B: 32 patients), limited
control (class C) in 10/70 patients (14.2%), and worsening
in three patients (4.2%), two in class E, one in class F.

TABLE IV.
Outcomes in Patients With concomitant MD and Chronic Cerebrospinal Venous Insufﬁciency Treated With PTA or Medical Therapy 24 Months
After Intervention or Medical Treatment.
MD and PTA (70 Patients)
Pretherapy

Posttherapy

MD and Medical Therapy (50 Patients)
P Value

Pretherapy

Posttherapy

P Value

DHI

54.6  17.3

31  8.6

55  17.8

48.1  14.4

.1

THI

50.2  17.4

43.5  18.1

.24

52.4  16.6

49.6  17.5

.54

Pure-tone audiometry, dB

52.9  17.1

49.8  16.5

.22

49.8  16.5

55.8  13

.09

.001*

*Statistically signiﬁcant.
DHI = Dizziness Handicap Inventory; MD = Menière’s disease; PTA = percutaneous transluminal angioplasty; THI = Tinnitus Handicap Inventory.
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In the present study, ultrasound-diagnosed CCSVI
has an incidence of 80.1% in MD patients and 11.8% in
the control group, conﬁrming the possible relationship

between MD and CCSVI. The two main positive parameters were IJV stenosis (91.7%) and intracranial venous
reﬂux (83.3%), similar to a previously published trial.39
The results of PTA in MD patients show that the
improvement of venous outﬂow was particularly effective
in controlling the vertigo symptoms. Twenty-four months
after the intervention, 83.3% of MD patients reached class
A or B, compared to 53% of the patients who underwent
medical therapy. The difference between the two subgroups was signiﬁcant, as well as for the pure-tone audiometry before and after the therapy and the DHI score.
None of the patients reported a signiﬁcant improvement of
the tinnitus symptom, whereas subjective ear fullness was
improved in 70% of the patients who underwent PTA compared to 16.7% of the patients treated by medical therapy
only. We can therefore highlight a signiﬁcant improvement
of symptoms concurrently with the improvement of venous
drainage of the inner ear, despite the necessity to analyze
the data of the other patients who, to date, have not yet
reached the end of the follow-up.
In 2006, Zamboni described the syndrome deﬁned
CCSVI, initially associated with multiple sclerosis, raising a debate in the scientiﬁc community.33 The anatomical and functional alterations typical of CCSVI have
raised the issue of whether this condition could contribute
to determining alterations in the inner ear, especially in
an area with a high degree of vascularization such as the
stria vascularis, of which signiﬁcant alterations have
been described in patients suffering from MD.25
In 2007, Friis and Klauss28 banded the vestibular
aqueduct vein of mice and induced symptoms similar to
those of MD. This might be due to the direction of the
venous ﬂow in the inner ear that would reverse, leading
to a portal-like circulation, in which the venous capillary
blood goes back into the arterial capillary circulation,
thus leading to a modiﬁcation of the endolymph ﬂow but
also inﬂuencing the function of nonreceptorial structures
involved in endolymph metabolism. In addition, the endolymphatic sac, as it was described in several studies, contains glycosaminoglycans, proteins, and a natriuretic
hormone, whose modiﬁcations would result in changes in
the composition of the inner ear ﬂuids with negative functional effects on dark cells.31,48,49 Moreover, thrombotic
obstruction of the vestibular vein of the aqueduct has
been demonstrated in some patients with MD on histopathologic examination; the presence of microthrombi can
modify the dynamics of the ﬂow, which could explain the
ﬂuctuation of symptoms typical of MD.29,50 Over the
years, the persistence of a slow outﬂow, with subsequent
lesions affecting the endothelium of the labyrinth veins,
could induce ﬁbrosis of the sac and endolymphatic duct,
decrease vascularization of these structures, and increase
local hydrostatic pressure, until inversion of the venous
ﬂow, as previously seen in the experimental model of
Friis and Klauss.28
Merchant et al.’s model demonstrated the constant
presence of EH in MD patients, but not the noncontextual
presence of MD in all cases with EH.37 They hypothesized
that EH may be a symptom and not the cause of MD, and
is itself due to a prior modiﬁcation of labyrinth homeostasis caused by a cellular toxicity phenomena of type I and
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TABLE V.
Differences Between Patients With Concomitant MD and Chronic
Cerebrospinal Venous Insufﬁciency Treated With PTA or Medical
Therapy for Vertigo, Tinnitus, Pure-Tone Audiometry, and Fullness
24 Months After Intervention or Medical Treatment.
MD and PTA
(70 Patients)

MD and Medical
Therapy
(50 Patients)

P Value
<.001*

DHI

−23.6

−6.94

THI

−6.7

−2.8

Pure-tone audiometry, dB

−7.1

+6

A+B

57 (81.4%)

31 (62%)

C+D

Vertigo class

.23
.009*
.03*

10 (14.2%)

7 (14%)

E

2 (2.8%)

1 (2%)

F

1 (1.4%)

9 (18%)

Improved

49 (70%)

9 (18%)

Unchanged

21 (30%)

Fullness

.003*

24 (48%)

Worsened

0

17 (34%)

Absent

0

0

*Statistically signiﬁcant.
DHI = Dizziness Handicap Inventory; MD = Menière’s disease;
PTA = percutaneous transluminal angioplasty; THI = Tinnitus Handicap
Inventory.

In patients in the conservative medical treatment
group, DHI scores were reduced from 55.04  17.82 to
48.1  14.4 (P < .1) and THI scores from 52.4  16.6 to
49.6  17.5 (P = .54). Additionally, 9/50 patients (18%)
reported an improvement in aural fullness, 24/50 (48%)
were unchanged, and 17/50 patients (34%) worsened.
Pure-tone audiometry changed from 49.8  16.65 dB HL
to 55.79  13.09 (P = .09) (Table IV). The evaluation of
acute dizziness episodes between 18 and 24 months after
PTA showed good control of vertigo (class A–B) in 31/50
patients (62%) (class A: 10 patients, class B: 21 patients),
limited control (class C) in 7/50 patients (14%) and two
patients with class D, and worsening in 10 patients, one
in class E and nine in class F.
A signiﬁcant difference in DHI score was found
between patients in the PTA group compared to patients
treated with medical therapy (31  8.6 vs. 48.1  14.4;
P < .001); no signiﬁcant differences were found for THI
(50.8  16.58 vs. 49.6  17.5; P = .23). Subjective evaluation of aural fullness was signiﬁcantly better in patients
in the PTA group (P = .003), and pure-tone average was
signiﬁcantly different between groups (49.8  16.58 dB in
the PTA group vs. 55.8  13.09 in the medical therapy
group; P = .035). More patients in the PTA group were
classes A and B versus classes C to F for acute vertigo crisis control (P = .04) (Table V).

DISCUSSION
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type II ﬁbrocytes involved in the homeostasis of
endolabyrinthic ﬂuids. The alterations described in the
brain could also affect the structures of the inner ear,
which also drain into the jugular venous system. In particular, according to the Merchant et al. model, the site of
greatest interest should be the stria vascularis, with its
type I and II ﬁbrocytes actively involved in endolymph
homeostasis. We could expect that at least one of the
unknown causes of toxicity postulated by Merchant et al.
is venous stasis with consequent cell damage to the stria
vascularis, which would result in alterations of metabolism and homeostasis leading to the secondary development of hydrops.
In the inner ear, the slowed venous outﬂow that
occurs in CCSVI would affect the venous wall, increasing its permeability with formation of perivenular
lymphocytic inﬁltrates and deposition of iron. This condition, especially in a highly vascularized district such
as stria vascularis, would cause cytotoxic damage of the
ﬁbrocytes, activating the sequence of events described
above.
The uncertainty about the etiology of MD has determined an extreme variability in the therapeutic approach
to this disease, and to date, there is no conservative medical therapy available that guarantees the control of the
disease. The therapy with betahistine, which is mostly
used in Europe, has proved to be essentially ineffective in
a very recent randomized study.51
The improvement of the anatomical and functional
alterations of the jugular venous circle obtained in CCSVI
after PTA seems to have had a positive effect in patients
with deﬁned MD. In particular, during the 2-year followup, approximately 85% of patients entered in class A or B
regarding control of acute vertigo crisis with statistical
signiﬁcance compared to the group treated with medical
therapy. The other symptom that responded very positively to treatment was auricular fullness, and the results
were less positive for tinnitus, for which no signiﬁcant differences were found in either group. However, a concern
that may arise from the use of this particular technique
is the absence of a valid method for quantifying the
venous outﬂow before and after PTA,52 probably due to
different IJV luminal defects responding differently to
PTA, therefore leading to different hemodynamic results,
which may explain why some patients with MD have not
reported an improvement following PTA.
The assessment of auditory responses is more complex. The threshold difference assessed with pure-tone
audiometry pre- and posttherapy at 24 months did not
show a signiﬁcant change, but there was a tendency for
improvement of the hearing threshold. The group treated
with medical treatment also showed a nonsigniﬁcant difference in audiometry pre- and post-therapy; however, a
tendency to worsen the threshold was observed. As a consequence, although there was no signiﬁcant difference
between the two groups in the values of pure-tone audiometry before intervention, the posttreatment values at
24 months were signiﬁcantly different (P < .009).
A weakness of the present study is the lack of an
objective assessment of inner ear status at the inclusion
phase and at the last follow-up, for example by means of

electrocochleography. The diagnosis of MD was deﬁned
only by clinical parameters as recommended by the American Academy of Otolaryngology–Head and Neck Surgery
Foundation, and we retrospectively collected the subjective data concerning vertigo, tinnitus, and aural fullness.
However the American Academy of Otolaryngology–Head
and Neck Surgery Foundation considers the clinical
criteria as sufﬁcient to diagnose and follow the evolution
of MD. Furthermore, we could consider an objective vestibular evaluation to estimate the effects on the vestibular system. However, due to the ﬂuctuation of symptoms,
we preferred to collect the data regarding the clinical
symptoms of the patients, as is performed by most physicians who follow these patients.
The patient’s quality of life, assessed with DHI,
showed a signiﬁcant improvement in the group subjected
to PTA both compared to the initial values of the same
group and to the posttherapy values of the group treated
with medical therapy.
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CONCLUSION
The results of the present study conﬁrm the close
relationship between vascular disorders and MD, which
is also highlighted by encouraging responses to interventional therapy. The ethical and feasibility limits remain a
reason for discussion and comparison between otologists,
but the results justify the interest in these new procedures, considering that medical care in general in MD
probably has a positive effect. Other experimental studies
are needed in this ﬁeld, which can be one of the promising
paths for the interpretation and treatment of this complex disease.
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