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An endovascular treatment of Chronic Cerebro-
Spinal Venous Insufficiency in Multiple Sclerosis
patients — 6 month follow-up results
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Abstract

OBJECTIVE: In this study, the mid-term results (6 month follow-up) of the endo-
vascular treatment in patients with Chronic Cerebro-Spinal Venous Insufficiency
(CCSVI) and multiple sclerosis (MS) were prospectively evaluated.

METHODS: Thirty-six patients with confirmed MS and CCSVI underwent endo-
vascular treatment by the means of the uni- or bilateral jugular vein angioplasty
with optional stent placement. All the patients completed 6 month follow-up.
Their MS-related disability status and quality of life were evaluated 1, 3 and 6
months postoperatively by means of the following scales: Expanded Disability Sta-
tus Scale (EDSS), Multiple Sclerosis Impact Scale (MSIS-29), Epworth Sleepiness
Scale (ESS), Heat Intolerance scale (HIS) and Fatigue Severity Scale (FSS). For
patency and restenosis rate assessment, the control US duplex Doppler examina-
tion was used.

RESULTS: Six months after the procedure, restenosis in post-PTA jugular veins
was found in 33% of cases. Among 17 patients who underwent stent implantation
into the jugular vein, restenosis or partial in-stent thrombosis was identified in
55% of the cases. At the 6 month follow-up appointment, there was no significant
improvement in the EDSS or the ESS. The endovascular treatment of the CCSVI
improved the quality of life according to the MSIS-29 scale but only up to 3 months
after the procedure (with no differences in the 6 month follow-up assessment). Six
months after the jugular vein angioplasty (with or without stent placement), a
statistically significant improvement was observed only in the FSS and the HIS.
CONCLUSIONS: The endovascular treatment in patients with MS and concomitant
CCSVIdid not have an influence on the patient’s neurological condition; however,
in the mid-term follow-up, an improvement in some quality-of-life parameters
was observed.
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INTRODUCTION

Multiple sclerosis (MS), first described by Charcot in
1846, remains one of the most severe and difficult to
treat central nervous system (CNS) pathologies (Char-
cot 1868). In Poland, an estimated 60,000 patients
suffer from MS; however, due to the difficulties related
to proper early diagnosis of the disease, the correct
number may be even higher. Despite the many stud-
ies performed during the past 150 years, the primary
pathogenetic factor related to MS development remains
unknown. Currently, the most widely-held hypothesis
is that the focal CNS lesions observed in MS are the
result of an autoimmune reaction (Berilgen et al. 2005;
Compston & Coles 2008; Martin ef al. 1992).

Other non-autoimmune factors and disturbances
have also been observed in patients with MS. In the
1980s, Schelling first described relationships between
local venous system pathology and the occurrence of
focal demyelination (Schelling 1986). The clinical stud-
ies related to these findings were continued by Paolo
Zamboni, who described the term Chronic Cerebro-
Spinal Venous Insufficiency (CCSVI) in relation to the
presence of stenoses and/or haemodynamical distur-
bances in the vein outflow from the brain and spinal
cord. According to some resent studies, the presence
of CCSVI can potentially influence the progression of
and, hypothetically, the occurrence of MS (Zamboni et
al. 2009).

Currently the investigations concerning the rela-
tionship between CCSVI and MS are performed in
many centres. In some of them an invasive treatment
of CCSVI was implemented (Zamboni et al. 2009;
Zaniewski et al. 2010). However, the lack of randomised
controlled trials and very poor follow-up data of the
treated patients can not currently justify the routine
endovascular treatment in these patients.

In our study, the mid-term results (6 month follow-
up) of endovascular treatment in patients with Chronic
Cerebro-Spinal Venous Insufficiency (CCSVI) and MS
were prospectively evaluated.

METHODS

Thirty-six patients with MS (as diagnosed based on the
McDonald criteria) were evaluated. Fifteen women and
21 men with MS were enrolled in the study (time since
diagnosis ranged from 1 to 40 years, with a mean of 11
years). The mean age of the participants was 38 years
(24-65 years). Eighteen patients were diagnosed with
relapsing-remitting MS, 11 patients were diagnosed
with secondary progressive MS, and 7 patients were
diagnosed with primary progressive MS.

The exclusion criteria were as follows: the pres-
ence of CNS vascular malformations, brain or spinal
tumours, inflammatory vascular diseases, congenital
vascular abnormalities (e.g., Parkes-Weber, Servelle-
Martorell and Klippel-Trenaunay syndromes), the pres-

ence of chronic venous insufficiency within the lower
or upper extremities, stenoses/occlusions of the supra-
aortic arteries or previous TIA or stroke.

Qualification for endovascular treatment was based
on the neurological patient assessment and diagnosis of
CCSVI according to the performed imaging studies. All
of the patients were assessed by an independent neu-
rologist pre- and post-operatively. The clinical assess-
ment, including an evaluation of neurological deficit
and severity of disability, was based on the Expanded
Disability Status Scale - EDSS (Kurtzke 1983).

The intensity and severity of several MS-related
symptoms, as well as their influence on the patients
quality-of-life, was evaluated by the following diagnos-
tic tools (scales) based on the patient’s self-assessment:
Multiple Sclerosis Impact Scale (MSIS-29), Fatigue
Severity Scale (FSS), Heat Intolerance Scale (HIS) and
Epworth Sleepiness Scale (ESS) (Hobart et al. 2001;
Johns 1991; Lauren et al. 1989).

The presence of CCSVI was diagnosed and con-
tirmed by duplex Doppler US and MR-phlebography.
The US examinations of the internal jugular and ver-
tebral veins were performed in sitting and supine posi-
tions with a linear probe at 7.5-10 MHz. The evaluation
covered vein morphology and vein cross-sectional area
as well as an assessment of vein valve competence, flow
direction and velocity. The examination also included
screening for the following morphological and hae-
modynamic disturbances: (1) the presence of a patho-
logical valve that leads to a significant haemodynamic
slowdown of flow above the valve or the presence of
reflux in the internal jugular vein, (2) septum in the vein
lumen, vein lumen narrowing or the complete blockage
of the flow in the internal jugular vein and (3) the pres-
ence of non-physiological outflow of blood from the
CNS through the vertebral veins when patients were in
a supine position or the lack of a decrease in the cross-
section area of the internal jugular vein in a sitting posi-
tion compared with a supine position. To confirm the
observed pathology in each patient, MR phlebography
of the CNS draining veins (including azygos vein) was
performed.

In all patients from the study group, significant
haemodynamical CNS vein outflow disturbances were
recognised. The study was approved by the Local Ethics
Committee, and informed consent was obtained from
all participants. Final treatment decisions considered
the results of catheter venography (of the internal jugu-
lar, vertebral and azygos veins), which was performed
intraoperatively before angioplasty or stent placement.
The venography exam was always followed by a pres-
sure gradient measurement that was repeated after hae-
modynamical correction.

In 56% of cases, bilateral pathology was observed; in
the remaining 46% cases, unilateral CNS venous out-
flow disturbances were found. (Table 1)

Catheter venography was performed using local
anaesthesia. Venographic confirmation of the pre-
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viously diagnosed vein outflow disturbances was
achieved in all subjects, and in all patients, the deci-
sion to use balloon angioplasty (with balloon size of 10
- 14x40mm) of the internal jugular vein stenosis was
made after venography.

In 13 patients, PTA of both internal jugular veins
had to be performed, and in the remaining 23 patients,
unilateral pathology was treated. In 17 cases with no or
suboptimal haemodynamical improvement after PTA
at the level of the proximal internal jugular vein valve,
the procedure was continued with self-expandable
stent implantation. In all of these cases, 12x40mm or
14x40mm SMART stents (Cordis) were used (10 on
the right side and 7 on the left side). All patients were
treated postoperatively with dual antiplatelet therapy
and a 14 day course of therapeutic doses of low molecu-
lar weight heparin.

Among the treated patients, 100% completed the 6
month follow-up evaluation. The control assessments
were provided 1, 3 and 6 months after the procedure. In
all the cases, independent neurological assessments and
the quality-of-life evaluations were performed during
each control visit. For the patency and restenosis rate
assessment, the control US duplex Doppler examina-
tion was used.

The U Mann-Whitney statistical analysis test was
used to compare neurological scale rates.

RESULTS

In the group of 36 endovascularly treated patients, no
perioperative treatment-related complications were
observed. The mean decrease of vein pressure in the
jugular veins was 3.5cm H,O on the left and 4.5cm
H,O on the right (Figure 1).

In the doppler US performed 6 months after the
procedure, restenosis of the treated internal jugular

Tab. 1. The frequency of the reported pathologies in the CNS
venous outflow

Pathological valve in the internal jugular vein 25/36 69%
Septum in the internal jugular vein 5/36 14%
Internal jugular vein stenosis * 25/36  69%
Complete blockage of the outflow through the  5/36 14%
internal jugular vein

An increase of the vertebral vein flow** 11736 31%
Internal jugular vein reflux (pathological) in the  7/36 19%

sitting position ***

*focal internal jugular vein stenosis (cross sectional area <0, 3cm?)
** an increase of the vertebral vein flow (> 60 ml/min), as an
alternative (non-physiological) way of the CNS venous outflow in
supine position

*** the lack of the internal jugular vein physiological cross-sectional
area decrease in the sitting position (in comparison to the supine
position)

veins was observed in 12 patients (33%). Among the 17
patients that underwent stent placement into an inter-
nal jugular vein, 10 cases (59%) had in-stent restenosis
or thrombosis (in two of cases, total stent occlusion was
diagnosed).

In the neurological assessment, there were no sta-
tistically significant differences in the EDSS or in the
ESS when comparing the pre-operative and 6 month
follow-up evaluations (Figures 2 and 3). The endo-
vascular treatment of the CCSVI improved the qual-
ity of life according to the MSIS-29 (a decrease of the
score from 90 to 73.5) but only up to 3 months after
procedure, with no differences in the 6 month follow-
up assessment (Figure 4). Six months after the jugular
vein angioplasty (with or without stent placement), a
statistically significant improvement was observed only
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Fig. 1. Vein pressure in the internal jugular veins before and after haemodynamical endovascular correction.
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Fig. 2. EDSS before and after endovascular treatment (6 month follow-up).

Epworth Sleepiness Scale

20,0
15.0 M before procedure
= 1 month after procedure
10.0 M 3 months after procedure
M 6 months after procedure
5.0
0.0 - -

MEDIAN

Fig. 3. Epworth Sleepiness Scale before and after endovascular treatment (6 month
follow-up).
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Fig. 4. MSIS-29 before and after endovascular treatment (6 month follow-up).

in the FSS (the mean score decreased from 49.5 to 36 in a 63 point scale)
as well as in the HIS (the mean score decreased from 3.5 to 3 in the 5-point
scale of heat intolerance (Figures 5 and 6).

In the follow-up examinations, the lack of restenosis did not improve the
evaluation results 6 months after the procedure. An occurrence of resteno-
sis or stent occlusion did not result in any statistically significant differences
(in comparison with no-restenosis group) in the 6 month follow-up assess-
ment performed according to the study protocol.

DISCUSSION

A growing number of studies
describing the potential relation-
ship between vascular, especially
venous, pathology and MS have
not definitively answered the ques-
tion concerning the aetiology and
pathomechanism of the disease’s
development (Zamboni et al. 2009).
Coexistence of CNS venous outflow
abnormalities in patients with MS
and the presence of CCSVI in this
group of patients was confirmed by
some previous authors, although
there are also studies suggesting
the lack of such a relationship in
MS patients (Al-Omari & Rousan
2010; Doepp et al. 2010; Zamboni et
al. 2009). The potential factors that
can influence this situation are the
lack of a unified criteria concern-
ing CCSVI diagnosis, the hetero-
genicity of patient populations in
terms of neurological deficits, CNS
injury and observed local venous
pathology.

In the described cohort, the
changes characteristic for CCSVI
were observed and diagnosed
according to two independent imag-
ing studies: US duplex Doppler and
MR phlebography. The presence of
previously found abnormalities was
confirmed by invasive phlebogra-
phy, which should be considered
as the “gold standard” diagnostic
modality for this kind of pathology.
The group of 36 patients discussed
in the study represents a subgroup
of MS patients screened and diag-
nosed in our centre. According to
our experience and observations
based on the US Doppler evaluation
of the group of 350 MS patients and
100 healthy volunteers, CNS vein
outflow disturbances related to the
CCSVI could be found in 84% of
the MS subjects and 14 % of healthy
individuals (data not shown-paper
submitted for publication).

The possibility of CCSVI endo-
vascular treatment and CNS venous
outflow improvement led to an
implementation of the invasive
treatment in some vascular centres
in Europe and the US. Despite the
growing number of patients under-

Copyright © 2011 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



going vein angioplasty, there is still
very little data describing the out-
comes of available treatments. The
lack of randomisation, the relatively
short follow-up and the difficulties
related to proper result assessment
decrease the chance for proper
treatment efficacy evaluation. In a
study published by Zamboni et al.
(2009), 65 patients underwent PTA
of the internal jugular or azygos
veins because of CCSVI. An angio-
plasty of the venous structures
positively influenced the clinical
and quality-of-life parameters of
CCSVI-associated MS only in the
relapsing-remitting MS subgroup,
with no influence on the other MS
courses (primary or secondary pro-
gressive MS) (Zamboni et al. 2009).
Unfortunately, in our study, we
could only partially confirm these
results, especially regarding chronic
fatigue. The positive influence of
the performed procedure related
to the decrease in patient disability
and quality-of-life improvements
noticed within 3 months in MSIS-
29 could be not found in the further
follow-up (6 months after angio-
plasty). In the 6 month follow-up
evaluation, we did not observe
any improvement according to the
EDSS and ESS.

In Zambonis study, restenosis
of the internal jugular vein was
observed in 47% of cases - the
authors also suggest a significant
influence of restenosis occurrence
on disease progression (Zamboni
et al. 2009). In our study, despite a
33% restenosis rate 6 months after
the procedure, there were no differ-
ences concerning the clinical course
and the performed assessment
results in the group of patients with
or without restenosis. Due to the
relatively small number of patients
that completed the 6 month follow-
up, we were not able to perform an
analysis according to MS course
(primary progressive, secondary
progressive, relapsing-remitting).

One of the main disadvantages
of the proposed treatment is the
invasive character of the procedure.
In our study of 36 patients, there
were no early complications related

An endovascular treatment of Chronic Cerebro-Spinal Venous Insufficiency
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Fig. 5. FSS before and after endovascular treatment (6 month follow-up).
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Fig. 6. HIS before and after endovascular treatment (6 month follow-up).

to the preformed endovascular treatment (however, as mentioned above, in
the follow-up, restenosis and 2 stent occlusions were noticed). Ludyga and
co-workers did not observe any serious complications related to CCSVI
endovascular treatment in 331 patients aside from thrombosis in 2 stents.
In their study, one additional patient required surgical balloon removal
from the femoral vein, and in a few cases local technical problems such as a
punctured side, a bleeding alimentary tract, and arrhythmias were observed
(Ludyga et al. 2010). At this time, a lack of consensus concerning postop-
erative antithrombotic treatment should also be mentioned. In our cohort,
all patients received dual antiplatelet therapy as well as a 2-week course of
low molecular weight heparin. The presence of the partial or whole lumen
in in-stent thrombosis suggests that such a treatment cannot be sufficient
in patients undergoing internal jugular vein stent placement. The relatively
low pressure gradient as well as very special haemodynamical conditions in
the upper body differ significantly from those noticed in the lower extremi-
ties. Taking this into account, an avoidance of stent placement in this set-
ting (if possible) should be proposed. On the other hand, in patients who
underwent stent implantation into the internal jugular vein, a prolonged
(in not lifelong) anticoagulant therapy should be taken into consideration.
In our study all of the patients with diagnosed in-stent thrombosis were
immediately switched to oral anticoagulant treatment.

Despite the non-conclusive results concerning potential neurological
improvement in CCSVT patients suffering from MS, improvements related
to chronic fatigue and heat intolerance encouraged us to continue the study.
The need for longer follow-up evaluations and the necessity of the study
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performed on larger groups of patients with various MS
courses should be emphasised. One of the most impor-
tant problems to resolve is also the potential placebo
effect in patients qualifying for endovascular treatment.
In our study, the positive effect of the performed proce-
dure in the MSIS-29 observed 3 months after endovas-
cular treatment had disappeared by 6 months after the
procedure.

Currently, we are not able to determine which group
of CCSVI patients will achieve the biggest clinical and
quality-of-life improvements when treated by endovas-
cular methods. We also do not know whether it can sig-
nificantly influence further MS progression in the late
follow-up evaluations. Taking into account the grow-
ing number of endovascularly-treated patients and the
methodology and quality of available studies, an urgent
need for a well-designed randomised controlled trial
should be emphasised. The need for CCSVI diagnostic
criteria unification should also be considered urgent.

CONCLUSIONS

Endovascular treatment in patients with MS and con-
comitant CCSVI did not influence the patients’ neuro-
logical conditions; however, in the mid-term follow-up
an improvement concerning some parameters influenc-
ing the patents’ quality-of-life were observed.
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