
Fabrizio Salvi, MD, PhDa

Ilaria Bartolomei, MDa

Elena Buccellato, PharmDa

Roberto Galeotti, MDb

Paolo Zamboni, MDc

a Center for Rare and Neuroimmunological Diseases,
Department of Neurological Science, Bellaria
Hospital, Bologna, Italy
b Vascular and Interventional Radiology Unit, S. Anna
Hospital, Ferrara, Italy
c Vascular Diseases Center, University of Ferrara,
Ferrara, Italy

Corresponding author: Fabrizio Salvi  
Center for Rare and Neuroimmunological Diseases 
Department of Neurological Science
Bellaria Hospital 
via Altura 3, 40139, Bologna, Italy
E-mail: fabrizio.salvi@gmail.com

Summary

An open study was conducted with the aim of reporting
long-term clinical outcome of endovascular treatment
for chronic cerebrospinal venous insufficiency (CCSVI)
in patients with multiple sclerosis (MS).
Twenty-nine patients with clinically definite relapsing-
remitting MS underwent percutaneous transluminal an-
gioplasty for CCSVI, outside a clinical relapse. All the
patients were regularly observed over at least two
years before the first endovascular treatment and for at
least two years after it (mean post-procedure follow up
30.6±6.1 months). The following clinical outcome meas-
ures were used: annual  relapse rate and Expanded Dis-
ability Status Scale (EDSS) score. All the patients were
observed intensively (mean 6 hours) on the day of the
endovascular treatment to monitor for possible compli-
cations (bleeding, shock, heart attack, death).
We compared the annual relapse rate before and after
treatment (in the two years before and the two years af-
ter the first endovascular treatment) and the EDSS
score recorded two years before versus two years after
the treatment.
Overall, 44 endovascular procedures were performed in
the 29 patients, without complications. Thirteen of the
29 patients (45%) underwent more than one treatment
session because of venous re-stenosis: 11 and two pa-
tients underwent two and three endovascular treat-
ments respectively.
The annual relapse rate of MS was significantly lower
post-procedure (0.45±0.62 vs 0.76±0.99; p=0.021), al-
though it increased in four patients. The EDSS score
two years after treatment was significantly lower com-
pared to the EDSS score recorded at the examination
two years before treatment (1.98±0.92 vs 2.27±0.93;
p=0.037), although it was higher in four patients.
Endovascular treatment of concurrent CCSVI seems to

be safe and repeatable and may reduce annual relapse
rates and cumulative disability in patients with relaps-
ing-remitting MS. Randomized controlled studies are
needed to further assess the clinical effects of en-
dovascular treatment of CCSVI in MS.
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Introduction

Multiple sclerosis (MS) is the most common chronic dis-
abling disease of the central nervous system (CNS) in
young adults, affecting 1 in 1,000 people in Western
countries (1). Pathologically, MS is characterized prima-
rily by multifocal inflammation, demyelination and gliosis
of the white matter with axonal and neuronal loss as
secondary phenomena (2). Clinically, MS manifests it-
self with acute relapses or subtle progression of focal
neurological deficits. Although a link between the ve-
nous system and the focal brain lesions typical of MS
has been suspected on the basis of pathological evi-
dence since the first half of the nineteenth century (3),
recently the existence of this link was strongly ques-
tioned (4). In 2009 we and other groups observed a very
high prevalence of a condition named chronic cere-
brospinal venous insufficiency (CCSVI) in patients with
MS (5-8). CCSVI is characterized by venous malforma-
tions of the jugular, azygos and lumbar veins leading to
a decreased venous outflow from the CNS and the for-
mation of collateral venous channels (5). However this
observation was not replicated in other studies (9-12), a
discrepancy possibly reflecting differences in tech-
niques, training, learning curves and criteria used for
Doppler evaluation of the extra and intracranial veins,
which is the optimal screening tool for CSSVI (5). Con-
sequently the relationship between CCSVI and MS re-
mains controversial (3,13-15). There are, as yet, no re-
ports of prospective controlled trials in this field.
Endovascular treatment has been suggested for CCSVI in
MS patients as a possible means of improving venous out-
flow (16,17). We here report the results of the extended fol-
low up of patients included in a preliminary self-controlled
study which evaluated the clinical effects of endovascular
treatment for CCSVI in a cohort of relapsing-remitting (RR)
MS patients, followed in a single MS center (16).

Materials and methods

Patient population

This open study constituted the long-term clinical follow
up of an interventional study approved by the ethics
committee of the University of Ferrara in February 2007
(16). The cohort was composed of 45 consecutive pa-

Venous angioplasty in multiple sclerosis:
neurological outcome at two years in a cohort
of relapsing-remitting patients

Functional Neurology 2012; 27(1): 55-59 55



tients with clinically definite RR-MS (18) regularly fol-
lowed both at the neuroimmunological diseases clinic at
the Bellaria Hospital in Bologna, Italy, and at the Vascu-
lar Diseases Center of the Ferrara University Hospital,
where they underwent endovascular treatment for
CCSVI until September 2010. The patients underwent
routine clinical examinations at the neuroimmunological
diseases clinic every three months both before and af-
ter endovascular treatment of CCSVI; all the endovas-
cular procedures were performed by the same neurolo-
gist (FS) who has 28 years of experience in neuroim-
munological diseases. All the patients underwent
Doppler US evaluation at the Ferrara University Vascu-
lar Diseases Center one month after the first endovas-
cular procedure, and at least every three months there-
after. The diagnosis of CCSVI was based on examina-
tion of cerebrospinal venous return with the subject
placed on a tilt bed; for this purpose, the extracranial
echo-color Doppler (ECD) methodology for investigating
the internal jugular veins (IJVs) and vertebral veins
(VVs) was combined with transcranial color coded
Doppler sonography (TCCS) for studying the deep cere-
bral veins. As mentioned in previous papers
(5,16,17,19), non-invasive diagnosis of CCSVI required
fulfillment of at least two of the following five criteria: i)
reflux in the IJVs and/or VVs in sitting and supine pos-
ture; ii) reflux in the intracranial veins ; iii) high-resolution
B-mode evidence of IJV stenoses and\or intraluminal
defects; iv) flow not Doppler-detectable in the IJVs
and/or VVs; v) no increase in the cross-sectional area of
the IJV on transition from upright to supine posture. In
all patients with ECD and TCCS features suggesting
CSSVI, the diagnosis was confirmed by catheter venog-
raphy.
Of the original 45 patients recruited for the present
study, we excluded six who underwent endovascular
treatment during a relapse, nine patients with pre-proce-
dural observation lasting less than two years and one
patient with post-procedural observation lasting less
than two years.
This yielded a final cohort of 29 patients who were re-
lapse-free and off steroids in the 30 days before en-
dovascular treatment. The clinical features of these pa-
tients are summarized in Table 1.
Seventeen of the 29 patients were included in a previ-
ous report in which the mean post-treatment follow up
was 18 months (16). The mean follow up after the first
endovascular therapy session in the present series was
30.6±6.1 months.
Thus, the present cohort is composed of patients with
minimum pre- and postoperative observations lasting 24
months, with no relapse at the time of the procedure,
and who underwent uninterrupted follow up at our neu-
rological department.
During the four years of clinical observation considered
in the present study (two years before and two years af-
ter the first endovascular treatment session), 20 patients
received immunomodulating therapy, either interferon-
β-1b (Rebif) (n=16) or glatiramer acetate (Copaxone)
(n= 4) and two underwent immunosuppressive treat-
ment with mitoxantrone (Novantrone).
During relapses each patient was treated with a high-
dose steroid regimen (methylprednisolone 1g/day iv for
5 days).

Endpoints

For computation of the clinical outcome, the date of the
first endovascular treatment session was taken as the
temporal reference. As clinical outcome measures for
this study we used the annual relapse rate and the
EDSS (Expanded Disability Status Scale) score, both of
which are established instruments for assessing the ef-
ficacy of pharmacological treatments in RR-MS (20).
In particular, relapse was defined as the appearance of
new or worsening neurological symptoms, or the reap-
pearance of old neurological symptoms, in both cases
excluding subjective sensory disturbances alone, after a
30-day period of stability (21). An event was considered
a relapse only when the subject’s symptoms were ac-
companied by objective neurological changes implying
an increase of at least 0.5 in the EDSS score as com-
pared to the previous evaluation.
The EDSS categorizes a person’s level of disability.
EDSS scores range from 0 to 10, with higher scores in-
dicating more severe disability. 
The EDSS score is based upon neurological testing and
examination of functional systems. The functional sys-
tems, or areas of the CNS that control bodily functions,
can be summarized as follows:
• Pyramidal (ability to walk);
• Cerebellar (coordination);
• Brain stem (speech and swallowing);
• Sensory (touch and pain);
• Bowel and bladder functions;
• Visual;
• Mental;
• Other (includes any other neurological findings due to MS).
For example EDSS scores from 1.0 to 4.5 refer to peo-
ple with MS who are fully ambulatory while EDSS
scores from 5.0 to 9.5 are defined by the impairment of
ambulation.
The EDSS score was recorded every three months,
never during a neurological relapse.
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Table I - Clinical findings in the 29 patients with RR-MS in-
cluded in the study.

Gender M/F 13/16

Age (mean±SD)* 35.0±6.9 years 
(range 21-49)

Disease duration (mean±SD)* 87±64.8 months 
(range 24-192)

EDSS (mean±SD)* 2.36±0.96
(range 1.0-4.5)

Pharmacological treatment*
immunomodulating n=20
immunosuppressive n=2

Type of CCSVI° A=5
B=18
C=6

Number of endovascular procedures 1=16
2=11
3=2

* at the time of the first endovascular treatment; ° (A=steno-obstruc-
tion of the proximal azygos associated with a closed stenosis of one
jugular vein; B=significant stenosis of both jugular veins and the
proximal azygos; C=bilateral stenosis of both jugular veins with a
normal, but overloaded, azygos system) (5).



PTA of the jugular and azygos veins

Previous papers by our group report the strategies and
technical details of the percutaneous transluminal an-
gioplasty used to treat CSVVI in MS (16,17).
Briefly, after catheterization of the vessel harboring the
stenosis the patient received 5000 IU of intravenous he-
parin. Lesions of the azygos vein were treated with 8-10
mm diameter angioplasty balloons between 2 and 6 cm
in length, inflated to a maximum pressure of 8 atm. In-
flations were held for 30-60 seconds and repeated as
many times as required. Lesions of IJVs were treated
first with a compliant balloon (10-12 mm in diameter, 2-
4 cm in length) which was then inflated to a pressure of
8 atm. Small caliber balloons were selected in cases of
severe atresia or segmental hypoplasia (5 mm Cutting
balloon, Boston Scientific, USA), followed by subse-
quent remodeling with an 8 mm compliant balloon. The
inflation was maintained for one minute and repeated 2-
3 times. In the event of a poor post-procedural outcome,
the treatment was repeated with a non-compliant high-
pressure balloon (10 mm Blue-max, Boston Scientific,
USA; 12-14 mm Atlas, Bard, USA).
Patients were treated with low molecular weight heparin
at a dosage in accordance with the individual risk for a
duration of three weeks, as previously reported (16,17).
Patients in whom we used the Cutting balloon received
prophylaxis with fondaparinux 7.5 mg (Arixtra, Glaxo,
Brentford, UK) s.c. once a day for three weeks. All pa-
tients were assessed for post-operative venous throm-
bosis by means of vascular ultrasound examination be-
fore being discharged.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS, Version 16.0).
Statistical non-parametric tests (one-tailed Wilcoxon
matched pairs test) were adopted to compare the annu-
al relapse rate in the two years before and after the first

endovascular treatment and the EDSS scores recorded
at the examinations conducted two years before and af-
ter treatment. A significant p-value threshold of 0.05 was
employed. Finally, a possible significant correlation be-
tween changes in annual relapse rate (after treatment
minus before treatment) and changes in EDSS score
(score two years after minus score two years before
treatment) was sought using the Pearson correlation r-
coefficient (p<0.05).

Results

Overall, 44 endovascular procedures were carried out in
the 29 patients. Sixteen patients underwent a single en-
dovascular treatment, while 11 had two procedures and
two underwent three sessions after US Doppler during fol-
low up showed re-stenosis of the previously treated veins.
In no case was the second treatment session performed
before 18 months had elapsed from the first procedure;
seven of the 13 patients who underwent more than one
treatment had a clinical neurological relapse; the other six
underwent treatment only for a re-stenosis found on ECD.
This last group had no clinical relapses during follow up.
No major procedural or post-procedural complication
associated with the endovascular treatment was ob-
served in any of the patients. Four patients reported
transient headache.
The annual relapse rate was lower (p=0.021) in the pe-
riod after (mean 0.45±0.62; median 0.5, range 0-3.5) as
compared to the period before (mean 0.76±0.99; medi-
an 0, range 0-2) treatment, although it increased in four
patients (Fig.1). The EDSS score recorded at the exam-
ination two years after treatment (mean 1.98±0.92; me-
dian 2.5, range 1-4.5) was lower (p=0.037) than the
mean EDSS score recorded at the examination two
years before treatment (mean 2.27±0.93; median 1.5,
range 1-4.0), although it was increased in four patients
(Fig.1). The mean EDSS score at the time of the angio-
plasty was 2.3±0.8.
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Figure 1 - Individual changes in annual relapse rate and Expanded Disability Status Scale scores in patients submitted to percuta-
neous transluminal angioplasty for CCSVI

The figure shows individual variations in the annual relapse rate (A) in the two years of clinical observation before and after the first percutaneous trans-
luminal angioplasty for CCSVI, and in the EDSS score (B) at the examinations performed two years before and two years after the first endovascular
treatment in 29 patients with RR-MS. Note that the mean annual relapse rate increased after treatment in four patients (in two patients the lines are su-
perimposed), while the mean EDSS increased in four patients.



No significant correlation was observed between annual
relapse rate and EDSS score changes (r=0.13).

Discussion

This preliminary open study confirms that endovascular
treatment for CCSVI in RR-MS patients seems to be
safe (16,17) and suggests that it might, if used as an ad-
junct to the usual immunomodulating or immunosup-
pressive therapy, have sustained beneficial clinical ef-
fects, in terms of decreased annual relapse rate and dis-
ability.
However, several elements suggest that caution should
be exercised in generalizing these results. These in-
clude the small sample size, the study design (different
from that of a randomized clinical trial), the fact that the
study was carried out in two single centers (specializing
respectively in neurological assessment and endovas-
cular therapy), the gross clinical measurements used to
evaluate the therapeutic effects with the absence of
neuroimaging techniques and, especially, the fact that
neither the patients nor the clinical assessor were blind
to the treatment. However, the self-controlled design is
considered a valid tool for preliminary clinical studies
(22), while the annual relapse rate and the EDSS,
notwithstanding their limitations, which include different
definitions of the former (23) and relatively low inter-op-
erator agreement for the EDSS, especially for values
<4.5 (24), are accepted clinical outcome measures for
new treatments of RR-MS (20) because they are widely
used and effectively photograph the clinical situation.
Neurological testing and examination of functional sys-
tems are especially important at the “less severe” lower
end of the scale, when a patient is still ambulatory, yet
experiencing some abnormal signs or disability in other
areas.
Finally, the regression of the mean error was a potential
shortcoming in the design of our study.
The reasons why five of the 29 patients in our series had
no benefit in terms of decreased annual relapse rate (4
patients) or EDSS score (4 patients) following endovas-
cular treatment of CCSVI are not clear. Indeed, review
of the endovascular treatment revealed that the vascu-
lar result aimed at was achieved. However, occasional
cases of patients with a paradoxical increase of lesion
activity detected on MR imaging following endovascular
treatment of CSSVI have been reported (17). Also, the
high rate of re-stenosis of the extracranial veins in our
sample, namely 45% in the two years after the first en-
dovascular treatment session, is in line with a recent ob-
servation reporting a 27% re-stenosis rate after one year
follow up in another patient sample (17).
The lack of a correlation between decrease of annual re-
lapse rate and EDSS in our patients seems to suggest
that the endovascular treatment has two distinct benefi-
cial effects. Moreover, it is in line with literature findings
indicating a dissociation at biological level between re-
current acute focal inflammation and progressive de-
generation of the central nervous system (25).
We can only speculate on the mechanisms underlying
the beneficial clinical effects of endovascular treatment
of CCSVI in our MS patients. A recent perfusion MRI
study indicated that hypoperfusion of the brain is asso-
ciated with the severity of CCSVI in MS patients (26).

Hence it is possible that resolution of the obstruction of
the venous outflow through endovascular treatment
could improve brain perfusion and prevent the tissue
damage associated with disability. Interestingly, global
brain hypoperfusion is an aspect of MS that cannot be
explained by autoimmunity and/or focal disturbed flow
linked with inflammation; by contrast, the hypoperfusion
could be related to the presence of CCSVI (27).
The mechanism accounting for the apparent decrease
in the relapse rate following endovascular treatment of
CCSVI is obscure. However it has been suggested that
abnormal venous reflux in the cerebral and spinal veins
associated with CSSVI increases the expression of ad-
hesion molecules, particularly intercellular adhesion
molecule-1, by the cerebrovascular endothelium (28).
This, in turn, could lead to increased permeability of the
blood-brain barrier. Inflamed and activated endothelium
could secrete pro-inflammatory cytokines. In these set-
tings, monocytes could transform into antigen-present-
ing cells and initiate an autoimmune attack against
myelin-containing cells. Theoretically, resolution of the
venous reflux with endovascular treatment may taper
and ultimately extinguish the processes mentioned
above and ultimately determine a decrease of the re-
lapse rate.
Although the clinical follow up of our patients was too
short to allow inferences about the potentiality of en-
dovascular treatment of CCSVI as a means of prevent-
ing secondary progression in patients with RR-MS, this
may actually be a consequence of the two beneficial ef-
fects mentioned above and constitute a real advance in
the therapy of this type of MS. A longer clinical follow up
of the present cohort is needed (29).
In conclusion, the present preliminary study showing
sustained beneficial clinical effects of endovascular
treatment of CCSVI in RR-MS fully supports the design
and execution of multicenter randomized controlled tri-
als which include the use of neuroimaging techniques.
Conversely it does not justify the use of endovascular
treatment of CSSVI in RR-MS patients outside the
boundaries of clinical studies.
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