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A B S T R A C T

Background

Multiple sclerosis (MS) is a leading cause of neurological disability in young adults. The most widely accepted hypothesis regarding its
pathogenesis is that it is an immune-mediated disease. It has been hypothesised that intraluminal defects, compression, or hypoplasia
in the internal jugular or azygos veins may be important factors in the pathogenesis of MS. This condition has been named 'chronic
cerebrospinal venous insu%iciency' (CCSVI). It has been suggested that these intraluminal defects restrict the normal blood flow from the
brain and spinal cord, causing the deposition of iron in the brain and the eventual triggering of an auto-immune response. The proposed
treatment for CCSVI is venous percutaneous transluminal angioplasty (PTA), which is claimed to improve the blood flow in the brain thereby
alleviating some of the symptoms of MS. This is an update of a review first published in 2012.

Objectives

To assess the benefit and safety of venous PTA in people with MS and CCSVI.

Search methods

We searched the Cochrane Multiple Sclerosis and Rare Diseases of the Central Nervous System Group's Specialised Register up to 30
August 2018, CENTRAL (in the Cochrane Library 2018, issue 8), MEDLINE up to 30 August 2018, Embase up to 30 August 2018, metaRegister
of Controlled Trials, ClinicalTrials.gov., the Australian New Zealand Clinical Trials Registry, and the World Health Organization (WHO)
International Clinical Trials Registry platform. We examined the bibliographies of the included and excluded studies.

Selection criteria

We included randomised controlled trials (RCTs) in which PTA and sham interventions were compared in adults with MS and CCSVI.

Data collection and analysis

Two authors independently assessed study eligibility and risk of bias, and extracted data. We reported results as risk ratios (RR) with 95%
confidence intervals (CI). We performed statistical analyses using the random-e%ects model; and we assessed the certainty of the evidence
using GRADE.
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Main results

We included three RCTs (238 participants) in this update. One hundred and thirty-four participants were randomised to PTA and 104 to
sham treatment. We attributed low risk of bias to two (67%) studies for sequence generation and two (67%) studies for performance bias.
All studies were at a low risk of detection bias, attrition bias, reporting bias and other potential sources of bias.

There was moderate-quality evidence to suggest that venous PTA did not increase the proportion of patients who had operative or post-
operative serious adverse events compared with the sham procedure (RR 3.33, 95% CI 0.36 to 30.44; 3 studies, 238 participants); nor did it
increase the proportion of patients who improved on a functional composite measure including walking control, balance, manual dexterity,
postvoid residual urine volume, and visual acuity over 12-month follow-up (RR 0.84, 95% CI 0.55 to 1.30; 1 study, 110 participants); nor did
it reduce the proportion of patients who experienced new relapses at six- or 12-month follow-up (RR 0.87, 95% CI 0.51 to 1.49; 3 studies,
235 participants). There was no e%ect of venous PTA on disability worsening measured by the Expanded Disability Status Scale, which was
reported at follow-up intervals of six months (one study), 11 months (one study) and 12 months (one study). Quality of life was reported in
two studies with no di%erence between treatment groups. Moderate or severe pain during or post venography was reported in both PTA
and sham-procedure participants in all included studies. Venous PTA was not e%ective in restoring blood flow assessed at one-month (one
study) or 12-month follow-up (one study).

Authors' conclusions

This systematic review identified moderate-quality evidence that, compared with sham procedure, venous PTA intervention did not
provide benefit on patient-centred outcomes (disability, physical or cognitive functions, relapses, quality of life) in people with MS. Venous
PTA has proven to be a safe technique but in view of the available evidence of its ine%ectiveness, this intervention cannot be recommended
in people with MS. All ongoing trials were withdrawn or terminated and hence this updated review is conclusive. No further randomised
clinical studies are needed.

P L A I N   L A N G U A G E   S U M M A R Y

The technique popularly known as 'liberation procedure' for treatment of venous stenoses (CCSVI) in the brain of people with MS

What is the issue?
Chronic cerebrospinal venous insu%iciency (CCSVI) has been described as a 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. It has been hypothesised that CCSVI
may be an important factor in the development of MS and treatment of CCSVI by catheter venography and percutaneous transluminal
angioplasty (PTA) to widen the veins might improve symptoms and quality of life in people with MS. There is uncertainty about whether
PTA should be used in people with MS.

What did we do?
We reviewed three studies (238 participants) which compared PTA with sham-PTA in participants with MS and CCSVI.

What did we find?
We found that venous PTA did not provide benefit on disability, physical or cognitive functions, relapses, or quality of life. No serious
adverse events attributable to venography or venous PTA occurred.

Conclusions
Venous PTA has proven to be a safe but ine%ective intervention and cannot be recommended in patients with MS. All trials that were
ongoing were either terminated or withdrawn, so this updated review is conclusive. No further randomised clinical studies are needed.

Currentness of evidence
This review is up to date to August 2018.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.

Patient or population: patients with multiple sclerosis and chronic cerebrospinal venous insufficiency (CCSVI)

Settings: MS centres and their associated colour Doppler ultrasonography (ECD) and angiography units

Intervention: venous percutaneous transluminal angioplasty (PTA)

Comparison: catheter venography without venous angioplasty (sham)

Illustrative comparative risks* (95%
CI)

   

Outcomes

Assumed risk
with sham pro-
cedure

Corresponding
risk with interven-
tion (95%CI)

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Reasons for downgrading
our confidence in the
evidence

Proportion of participants who experi-
enced operative or postoperative seri-
ous adverse events

0 per 100 0 per 100

(0 to 0)

RR 3.33

(0.36 to 30.44)

238

(3)

moderate Downgraded 1 level due to
imprecision, wide CI

Proportion of participants who experi-
enced improvement of composite func-
tional endpoint over 12 months

49 per 100 41 per 100

(27 to 64)

RR 0.84,

(0.55 to 1.30)

110

(1)

moderate Downgraded 1 level due to
imprecision, wide CI

Proportion of participants who experi-
enced new relapses over 12 months

18 per 100 16 per 100

(4 to 27)

RR 0.87

(0.51 to 1.49)

235

(3)

moderate Downgraded 1 level due to
imprecision, wide CI

* The basis for the assumed risk is the sham group risk across studies included in the meta-analysis. The corresponding risk (and its 95% CI) is based on the assumed risk
with sham procedure and the relative effect of the PTA intervention (and its 95% CI).

CI: Confidence interval; RR: Risk Ratio

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.
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B A C K G R O U N D

Multiple sclerosis (MS) is an inflammatory disease of the nervous
system and the most frequent cause of neurological disability in
young adults. Myelin, the material that surrounds and protects the
nerves, becomes damaged and this results in the formation of scar-
like plaques. MS is considered to be an immune-mediated disease
in which the person's own immune system attacks the nervous
system; and most of the current drug therapies are based on this
hypothesis.

A theory has been proposed that impaired blood flow in the
veins draining the central nervous system, a condition called
chronic cerebrospinal venous insu%iciency (CCSVI), may play a
role in the cause of MS (Zamboni 2006). CCSVI is thought to be
congenital and it may result in iron deposits which in turn trigger
the immune system to attack the central nervous system, thus
damaging the myelin (Singh 2009). The proposed treatment for
CCSVI is venous balloon angioplasty, which entails the widening of
narrowed (stenosed) veins (Zamboni 2009a; Zamboni 2012). This
theory has gained a lot of attention via the Internet, mainly among
the participants' community, and increased media interest has
further enhanced the expectations of people su%ering with MS. This
is an update of a review first published in 2012 (van Zuuren 2012).

Unfamiliar terms are listed in the 'Glossary of terms' in Table 1.

Description of the condition

Multiple sclerosis (MS) is a leading cause of neurological disability
in young adults. The disease is characterised by focal white matter
lesions, characterised by inflammation and demyelination that are
associated with axonal damage (Kuhlmann 2017). Four clinical
forms of MS can be distinguished: relapsing-remitting (RRMS);
secondary progressive (SPMS); primary progressive (PPMS); and
progressive relapsing (PRMS) (Lublin 1996). RRMS and SPMS are
the clinical forms of MS that account for approximately 80% to
85% of su%erers, and SPMS evolves from the RRMS form. MS is
heterogeneous, both histopathologically and clinically (Lucchinetti
2000), and the natural history can be di%icult to predict. In
most cases it begins as RRMS with episodic, largely reversible
neurological dysfunction. Natural history studies, which followed
cohorts of MS patients not treated with any disease-modifying
drugs, have shown that, aPer a period of approximately 10 years,
almost 50% of people with MS gradually develop permanent
disability which may also include acute relapses. APer a median of
15 to 28 years from disease onset, a disability milestone equivalent
to the use of an assistive walking device is reached (Weinshenker
1989). Clinical features include all of the symptoms caused by
the impairment of the central nervous system (e.g. loss of vision,
double vision, muscle weakness, sensory disturbances, bladder
dysfunction, impotence, constipation, ataxia, vertigo, tremor,
spasticity, pain, cognitive impairment and dysarthria). Fatigue,
anxiety and depression are also frequent occurrences. Magnetic
resonance imaging (MRI) can support the clinical diagnosis, and it is
integrated with clinical and other para-clinical diagnostic methods
(e.g. examining cerebrospinal fluid and evoked potentials) to
facilitate the diagnosis of MS (Thompson 2018). MRI parameters are
also used as surrogate markers of disease activity and progression.
The disease has an adverse impact on the health-related quality
of life (HRQoL) of people with MS and their families and may also
pose a financial burden, even when the disease is not physically
disabling.

The age of onset of MS is usually between 20 and 40 years.
Incidence is low in childhood and is rarer at the age of 50 years
or older. Female-to-male ratios vary between 1.5:1 and 2.5:1 in
most populations (Sellner 2011). The incidence and prevalence
of MS varies geographically (Simpson 2011): high-frequency areas
(prevalence in excess of 60 per 100,000 people) include all of
Europe in addition to southern Canada, northern USA, New
Zealand, and south-east Australia. In many of these areas the
prevalence is more than 100 per 100,000 people. This geographic
variance may be explained in part by racial di%erences: white
populations, especially those from northern Europe, appear to be
most susceptible.

The most widely accepted hypothesis on the pathogenesis of MS is
that it is an immune-mediated disease characterised by infiltration
of blood-derived monocytes, microglia, and lymphocytes leading
to damage of myelin and axons. Although the aetiology is largely
indeterminate, a large proportion of the scientific community
considers that MS develops in genetically predisposed subjects and
that environmental factors play a central role in its pathogenesis,
based on immune-mediated mechanisms. It is thought that
aberrant immune responses to self or foreign antigens cause
and perpetuate inflammation (Wu 2011). The inflammation leads
to demyelination and subsequent axonal damage. The role of
inflammation is considered to be complex, however, and may
include both beneficial and detrimental e%ects (Martino 2002).

The hypothesis suggesting that chronic venous congestion may
be a factor in the pathogenesis of MS became a focus in
multiple sclerosis research when public participation emphasised
interest in the procedure to correct it. (Zamboni 2006; Zamboni
2011) The predominantly venotopic location of MS lesions
in the CNS is postulated to be a consequence of local
erythrocyte extravasation owing to elevated transmural venous
pressure, followed by erythrocyte degradation and iron-driven
phagocytosis and subsequent lymphocytic infiltration (Singh
2009). This condition has been named 'chronic cerebrospinal
venous insu%iciency' (CCSVI) and is characterised by stenoses of
the internal jugular veins or azygos veins, or both, which restrict
the normal blood flow from the brain, along with the appearance
of small collateral veins that may have developed to reduce the
impact of the stenoses. In his initial study, Zamboni found CCSVI in
all subjects in the study group that were diagnosed with MS, and
none in the healthy controls (Zamboni 2011). CCSVI, as defined by
Zamboni and colleagues, is diagnosed with combined extracranial
and transcranial echo colour Doppler (ECD) radiography when
two or more of five established parameters are present (Zamboni
2009b).

There has been some criticism of several of the limitations in
the ultrasound-based investigation used to measure the rather
complex and dynamic (i.e. postural dependent) cerebrospinal
venous outflow. These include the wide individual variability,
operator dependence and intra- and inter-rater bias, the di%iculty
of standardising values for diagnostic criteria and the necessity
of venography as a gold standard (Doepp 2010; Hojnacki 2010;
Zivadinov 2011b). A high degree of correlation between CCSVI
and MS was found in a number of studies (Al-Omari 2010; Bavera
2011; Hojnacki 2010; Simka 2010); but this has been contested by
other studies (Baracchini 2011; Centonze 2011; Comi 2013; Doepp
2010; Krogias 2010; Marder 2011; Sundström 2010; Tsivgoulis 2011;
Wattjes 2011; Yamout 2010). Several reviews have reported that
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the incidence of CCSVI varies in people with MS, ranging from
0% to 100% and from 0% to 23% in healthy controls (Ghezzi
2011; Zivadinov 2011b). One study of 499 people with MS found
an increased prevalence of CCSVI but with a modest sensitivity
and specificity, and suggestive of a less likely primary causative
role for CCSVI in the development of MS (Zivadinov 2011a). A
further study found no relationship between CCSVI and HLA
DRB1*1501, a genetic variation that has been consistently linked
to MS (Weinstock-Guttman 2011). Attempts have been made to
correlate CCSVI with specific symptoms of MS: in particular, an
association with fatigue (which oPen severely a%ects people with
MS) (Malagoni 2010).

The hypothesised association between CCSVI and MS implicates
CCSVI as a treatable cause of MS and hence it has formed the
basis for the so-called 'liberation procedure' which is based on
the technique of venous balloon angioplasty (Zamboni 2009a;
Zamboni 2012). Venous stent placement has also been used
to treat CCSVI in people with MS but this treatment has been
associated with a small number of serious adverse events (Anon
2010; Burton 2011). Much of the research on this topic has
generated major interest and continuing debate in the scientific
community on the definition of CCSVI as a pathological entity; the
correlation between CCSVI and MS; the proposed etiopathogenetic
mechanisms; and, as a consequence, on the utility of its treatment
(Bagert 2011; D'haeseleer 2011; Dorne 2010; Ghezzi 2011; Khan
2010; Lazzaro 2011; Reekers 2011; van Rensburg 2010; Waschbisch
2011; Zivadinov 2011b).

The narrative of scientific research underwent a revolutionary
change as the participation of the MS community and social media
became the mobilizing factors for conduct of research in this field
to help the scientific community to provide evidence for or against
this 'liberation procedure' (Benjaminy 2018; Driedger 2017).

Description of the intervention

Percutaneous transluminal angioplasty (PTA) involves the insertion
of a small catheter with a balloon attachment via percutaneous
access to the leP femoral vein. Initially a venogram is performed
so that images can be obtained to identify the narrowed sections
of the veins. The catheter is then inserted and advanced into the
azygos and internal jugular veins. The balloon is inflated at the
narrowed section of the vein, thereby increasing its diameter and
improving the flow of blood. The procedure is performed with
venographic control. These procedures are performed generally
as day surgery — overnight hospital stay is not required.
Patients receive prophylactic low-molecular-weight heparin during
subsequent weeks, to lower the thrombotic risk.

How the intervention might work

Were the CCSVI hypothesis tenable, repairing venous stenosis and
re-establishing correct venous flow from the brain toward the heart
could have therapeutic e%ects.

Why it is important to do this review

The original review published in 2012 did not find studies meeting
inclusion criteria (van Zuuren 2012). There have been several
studies done over the last six years which have looked at the
benefit and safety of PTA intervention in people with MS. CCSVI
is characterized by restricted venous outflow from the brain and
spinal cord. Whether this condition is associated with MS and

whether venous PTA is beneficial in persons with MS and CCSVI is
controversial. We felt it was important to update the 2012 review to
provide up-to-date evidence on the e%ects of PTA in in people with
MS.

The MS-CCSVI hypothesis has generated both enthusiasm and
skepticism among people with MS and the specialists who
treat them (Paul 2014). The 'liberation procedure' has attracted
considerable attention among people with MS as well as the media
and on the Internet (Driedger 2017; Piga 2014). Consumers have
been frequently exposed to media hyperbole with exaggerated
claims that have led to unrealistic expectations. As a consequence,
CCSVI treatment has been o%ered to MS participants in many
countries, mostly not at conventional MS centres, in spite of the
lack of confirmation of early results from Zamboni's pivotal trials
(Zamboni 2009a; Zamboni 2012). This review update attempts to
highlight possible methodological issues in available clinical trials
in order to provide an evidence-based review of the e%ect of
treating CCSVI in people with MS. Our aim in this update is to
contribute so that the expectations of people with MS stay within
the boundaries of the evidence-based medicine paradigm.

O B J E C T I V E S

To assess the benefit and safety of venous PTA in people with MS
and CCSVI.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs). We did not exclude trials on
the basis of duration of follow-up.

Types of participants

Participants of both genders, 17 years of age or older, with a
diagnosis of MS according to the original or the revised McDonald
criteria (McDonald 2001; Polman 2005; Polman 2011; Thompson
2018), and a diagnosis of CCSVI according to Zamboni's criteria
(Zamboni 2009a) or other internationally recognised and validated
criteria (Zivadinov 2014; Traboulsee 2014).

Types of interventions

PTA alone or in combination with MS pharmacological treatments,
versus sham intervention alone or in combination with MS
pharmacological treatments. We did not consider PTA associated
with stenting in this review.

Types of outcome measures

Primary outcomes

Safety

• The total number of operative or post-operative serious adverse
events (SAEs) or adverse events (AEs).

• The total number of SAEs or AEs reported during the follow-up.

If not enough studies reported the total number of SAEs or AEs and
person-years, we used the number of participants with at least one
SAE or AE as defined in the study.
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Benefit

• Clinical measured outcomes, including disability worsening
measured by Expanded Disability Status Scale (EDSS) (Kurtzke
1983); or any other functional outcome as reported by the
authors of included studies.

• Patient-reported outcomes (PROs), including quality of life
(QoL) assessed by any validated disease-specific instrument
(e.g. MSQOL-54 (Vickrey 1995), MSQLI (Fischer 1999), MusiQoL
(Simeoni 2008), or generic instrument, e.g. Short Form 36 (SF-36)
(Rudick 2007)); well-being as measured with any visual analogue
scale (VAS); fatigue measured by Modified Fatigue Impact Scale
(MFIS) (Kos 2005), or other recognised and validated MS-fatigue
scale; and any other PRO as reported by the authors of included
studies.

Secondary outcomes

• The number of participants experiencing at least one relapse
during follow-up. We accepted definitions of relapse as reported
in the original studies.

• Mean change in cognitive functions' assessment through
validated battery in MS (e.g. Brief Repeatable Battery of
Neuropsychological Tests (BRBNT) (Rao 1991).

• Restored blood flow primary patency. Primary patency is the
interval following the initial angioplasty procedure until a
re-intervention is performed to preserve patency. Secondary
patency is defined as the interval following the initial
angioplasty procedure until treatment of the vein is abandoned
due to an inability to treat the original lesion (Diehm 2007).

Search methods for identification of studies

This review is an update of a previously published review
(van Zuuren 2012). We conducted a systematic search with no
restrictions to identify all relevant published and unpublished RCTs.
We searched trials published in any language.

Electronic searches

We searched the following databases.

• The Cochrane Multiple Sclerosis and Rare Diseases of the Central
Nervous System Group's Specialised Register up to 30 August
2018 (Appendix 1)

• The Cochrane Central Register of Controlled Trials (CENTRAL) (in
the Cochrane Library 2018, Issue 8) (Appendix 2)

• MEDLINE (PubMed) up to 30 August 2018 (Appendix 3)

• Embase (embase.com) up to 30 August 2018 (Appendix 4)

Searching other resources

References from published studies

We examined the bibliographies of the included and excluded
studies for further references to potentially eligible RCTs.

Ongoing trials registers

We searched the following ongoing trial registers.

1. metaRegister of Controlled Trials www.controlled-trials.com

2. US National Institutes of Health Ongoing Trials Register
www.ClinicalTrials.gov

3. Australian New Zealand Clinical Trials Registry
www.anzctr.org.au

4. World Health Organization (WHO) International Clinical Trials
Registry platform www.who.int/trialsearch

Data collection and analysis

Selection of studies

We used the search strategy described above to obtain titles
and abstracts of studies that were relevant to the review. Two
review authors (VJ and EP) independently screened the titles and
abstracts and discarded studies that were not applicable. Two
review authors (VJ and EP) independently assessed the retrieved
abstracts, and when necessary the full text of these studies,
to determine which studies satisfied the inclusion criteria. We
resolved any disagreements through discussion and consensus.

Data extraction and management

Two authors (VJ and GVA) independently extracted data using a
predefined data extraction form. We checked data for consistency
and resolved disagreements by discussion.

We extracted from each included study the following data.

• Study: first author or acronym, setting, number of centres,
year of publication, years that the study was conducted
(recruitment and follow-up), publication (full-text publication,
abstract publication, unpublished data).

• Study design: inclusion criteria, number of randomised
participants, duration of follow-up, sequence generation,
allocation, blinding of participants and outcomes assessors,
selective outcome reporting, early termination of trial.

• Participants: age, gender, inclusion and exclusion criteria,
number of participants excluded aPer randomisation and
number of losses at follow-up.

• Intervention and comparison: type and intervention details.

• Outcomes — primary and secondary outcomes.

• Notes: other comments.

Assessment of risk of bias in included studies

The review authors (VJ and GVA) independently assessed the risk of
bias using the Cochrane tool for assessing risk of bias as described
in Chapter 8, Section 8.5 of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). We rated the following
domains separately for any included study as 'low risk of bias',
'high risk of bias' and 'unclear' if the risk of bias was uncertain or
unknown.

• Sequence generation

• Allocation concealment

• Blinding of participants, personnel

• Blinding of outcomes assessment

• Incomplete outcome data

• Selective outcome reporting

• Other bias

We judged incomplete outcome data at low risk of bias when
numbers and causes of dropouts were balanced (i.e. in the absence
of a significant di%erence) between arms and appeared to be
unrelated to the studied outcomes. We assessed selective outcome
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reporting bias by comparing outcomes reported in the study
protocol along with published outcome results.

To summarise the quality of the evidence, we used the following
criteria.

• Low risk of bias (plausible bias unlikely to seriously alter the
results) when we judged all the criteria as at low risk of bias.

• Unclear risk of bias (plausible bias that raises some doubt about
the results) when we judged one or more criteria as at unclear
risk of bias.

• High risk of bias (plausible bias that seriously weakens
confidence in the results) when we judged one or more criteria
as at high risk of bias.

Measures of treatment e�ect

We planned presenting continuous outcomes where possible
on the original scale as reported in each individual study, and
dichotomous outcomes as risk ratios (RR) with 95% confidence
intervals (95% CI) at each time point, using the Mantel-Haenszel
test, unless stated otherwise.

Unit of analysis issues

Cluster and cross-over trials or studies with multiple treatment
groups have not been carried out to evaluate PTA intervention for
MS.

Dealing with missing data

We planned to assess the e%ect of missing outcome data, analysing
data according to a likely scenario (i.e. assuming that treated and
control group participants who contributed to missing outcome
data both had an unfavourable outcome).

Assessment of heterogeneity

We planned to assess clinical heterogeneity within treatment
comparisons by examining characteristics of study participants (i.e.
di%erences in age, disease duration, and baseline EDSS scores, and
characteristics of interventions across the trials using information
reported in the Characteristics of included studies table).

Assessment of reporting biases

Considering that it is not mandatory to publish results of clinical
trials, it is di%icult to have an estimate of the number of
unpublished trials of PTA in MS. We planned to evaluate the
possibility of reporting bias by means of a funnel plot, if a su%icient
number of trials were identified for inclusion in this review (Egger
1997).

Data synthesis

We planned to perform pairwise meta-analyses for each primary
outcome using a random-e%ects model for each treatment
comparison with at least two studies (DerSimonian 1986). Two
review authors (VJ and GVA) analysed the data in Review Manager
5 (RevMan 5) (Review Manager 2014).

Subgroup analysis and investigation of heterogeneity

We planned to conduct subgroup analysis if a su%icient number
of studies (> 10) with moderate to substantial heterogeneity were
included. Although we did not identify a su%icient number of
studies at this time, we planned to consider carrying out subgroup

analysis based on the di%erent subtypes of MS, disease duration
and baseline EDSS level. We statistically assessed the presence of
heterogeneity for all pairwise comparisons using the Chi2 test and I2
statistic. We considered heterogeneity as important if it was at least
moderate to substantial (an I2 statistic greater than 50%) (Higgins
2011).

Sensitivity analysis

We planned to conduct sensitivity analysis to assess the robustness
of our review results if a su%icient number of studies were included.
We planned to perform the following sensitivity analyses.

• Including only trials with low risk of bias.

• Excluding studies that did not provide complete and clear
reporting of dropout data.

'Summary of findings' table

We present the main results of the review in a 'Summary of findings'
table, as recommended by Cochrane (Schünemann 2011). The
'Summary of findings' table provides an overall grading of the
quality of evidence related to each outcome based on GRADEpro
GDT (www.gradepro.org; GRADEproGDT 2015). We graded the
quality of evidence as high, moderate, low, or very low considering
within-study risk of bias, directness of evidence, heterogeneity,
precision of e%ect estimates, and risk of publication bias. We
based the grading of the evidence related to the study limitations
on allocation concealment, blinding of participants and outcome
assessor, and incomplete outcome data.

We included an overall grading of the evidence for the following
outcomes.

• Proportion of participants who experienced operative or
postoperative serious adverse events.

• Proportion of participants who experienced improvement of
composite functional endpoint over 12 months.

• Proportion of participants who experienced new relapses over
12 months.

R E S U L T S

Description of studies

Results of the search

The initial review resulted in a total of 159 study reports from
the Cochrane Multiple Sclerosis and Rare Diseases of the Central
Nervous System's Specialised Register to June 2012, CENTRAL (in
the Cochrane Library Issue 5, 2012), MEDLINE (to June 2012) and
Embase (to June 2012). From these 159 reports, no studies were
included in the systematic review; there were six ongoing studies.

For the 2019 update of this review, we identified 58 new reports.
We excluded four duplicate references and 40 articles on the basis
of abstracts that we considered not pertinent. We identified three
new included studies (Siddiqui 2014; Traboulsee 2018; Zamboni
2018); and 11 new excluded studies. Of the three new included
studies, two were publications of trials identified as ongoing trials
in the 2012 review (Siddiqui 2014; Zamboni 2018). Of the 11
new excluded studies, four were trials identified as ongoing in
the 2012 review which were terminated because of challenges
with enrolment and no data reported (ACTRN12612000302853;
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NCT01089686; NCT01201707; NCT01555684). Figure 1 shows the
results of the search.
 

Figure 1.   Flow diagram of studies included in the systematic review

 
Included studies

We identified three new studies conducted between 2012 and 2016
in the USA, Italy and Canada (Siddiqui 2014; Traboulsee 2018;
Zamboni 2018). The studies included 238 participants of ages 18
to 65 years with MS, of whom 134 were randomised to PTA and
104 to sham treatment. Follow-up was six months (Siddiqui 2014),
11 months (Traboulsee 2018) and 12 months (Zamboni 2018 ).
The table 'Characteristics of included studies' provides details of
included studies.

Excluded studies

From the 2012 review, 155 reports were excluded based on
titles and abstracts; one study was excluded aPer full-text review
because participants were not randomised. We excluded 11
studies identified in the search for the 2019 update. Seven

studies included non-randomised patients (Alroughani 2013;
De Pasquale 2014; Ghezzi 2013; Hubbard 2012; Radak 2014;
Zagaglia 2013; Zivadinov 2013); and four studies, available only
as protocols from ClinicalTrials.gov, were terminated due to
inability to enrol adequate number of participants — no data were
available (ACTRN12612000302853; NCT01089686; NCT01201707;
NCT01555684). The table 'Characteristics of excluded studies'
provides details of excluded studies.

Risk of bias in included studies

We have summarised the risks of bias of the included studies
in Figure 2 and Figure 3. Considering our predefined criteria for
assessing the overall risk of bias of a study (Assessment of risk of
bias in included studies), we judged two trials at unclear risk of bias
(Siddiqui 2014; Traboulsee 2018).
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
Allocation

Random sequence generation was at low risk of bias in two studies
(Traboulsee 2018; Zamboni 2018); and was not reported in Siddiqui
2014. Allocation concealment was at low risk of bias in all studies.

Blinding

Two studies blinded either participants or personnel so we
considered them to be at low risk of bias (Siddiqui 2014;
Zamboni 2018). Traboulsee 2018 reported blinding of participants
incompletely so we judged this study as having an unclear risk of
bias. As all studies used assessors who were blinded to intervention
assignment, we judged all studies as having a low risk of bias for
outcome assessment.

Incomplete outcome data

We considered the data reporting of outcomes to be complete, with
a low risk of bias in all studies.

Selective reporting

We considered that all included studies have reported all outcomes
based on the detailed published protocols or described in the trial
methods.

Other potential sources of bias

In Zamboni 2018, participants in the sham group had longer disease
duration. We considered that this baseline imbalance did not cause
bias in the intervention e%ect estimate. We did not find any other
potential source of bias in Siddiqui 2014 and Traboulsee 2018.

E�ects of interventions

See: Summary of findings for the main comparison

See Summary of findings for the main comparison for the main
comparison.

Primary outcomes

Safety

Operative or post-operative serious adverse events (SAEs)

The PTA intervention probably does not increase the risk of
SAEs compared with the sham procedure (risk ratio (RR) versus
sham 3.33, 95% confidence interval (CI) 0.36 to 30.44; I2 = 0%; 3
studies, 238 participants; moderate-quality evidence; Analysis 1.1
). Siddiqui 2014 reported that one patient in the PTA arm presented
with an SAE at 24 hours. It was an episode of symptomatic
bradycardia that was confirmed by telemetry; consequently,
a cardiac consultation recommended pacemaker installation.
Traboulsee 2018 reported one asymptomatic internal jugular
dissection in the PTA group that did not require intervention or
hospitalization. Zamboni 2018 reported that no SAEs attributable
to catheter venography or venous PTA or sham occurred within 24
hours from the PTA intervention.

Operative or post-operative adverse events

Siddiqui 2014 reported that one patient in the PTA arm presented
with swelling and soreness at the leP side of the neck and no
treatment was required. Traboulsee 2018 reported that three
(5%) of 54 sham and three (6%) of 49 PTA participants had
moderate or severe pain during the intervention (P = 0.88); six
(11%) sham and four (8%) PTA participants had post-procedure
pain (P = 0.62). Twenty (36%) sham participants and 17 (35%) PTA
participants reported 37 and 22 AEs respectively within 48 hours
post intervention. The most commonly reported periprocedural
AEs were groin pain (7.7%), haematoma (8.6%), and neck pain
(5.7%). Zamboni 2018 reported two AEs (1.7%): one vagal reaction
and one episode of transient neck pain.

Serious adverse events reported during the follow-up

Siddiqui 2014 reported that one patient in the sham arm presented
with an SAE at 6 months aPer the venography. The event was
a viral infection causing immune thrombocytopenic purpura and
the authors judged it as unrelated to the intervention. Traboulsee
2018 reported SAEs in 2% and 10% of sham and PTA participants
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respectively. None of the reported SAEs were judged as related to
the PTA by the blinded physician. The SAEs were generalized seizure
(1 sham, week 17), sepsis (2 venoplasty, weeks 20 and 25), bleeding
of a previously undiagnosed cerebral aneurysm (1 venoplasty, week
46), myocardial infarction (1 venoplasty, week 28), and pulmonary
embolism (1 venoplasty, week 17). Zamboni 2018 did not provide
information about SAEs during the 12 months' follow-up.

Adverse events reported during the follow-up

Siddiqui 2014 reported AEs over six months: one bladder infection
and one shingles event in the sham arm and one hospitalization
for scheduled transobturator sling procedure in the PTA arm.
Traboulsee 2018 reported that the number of participants with
any AEs reported from baseline to week 48 was 42% (23/55)
for sham and 43% (21/49) for venoplasty (P = 1). The most
commonly reported AEs were gastrointestinal reflux or discomfort,
paraesthesia and/or lightheadedness, arthralgia, and general
malaise. There were no cases of venous thrombosis up to week 48.
Zamboni 2018 did not provide information about AEs during the 12
months' follow-up.

Benefit

Clinical measured outcomes, including disability worsening
measured by Expanded Disability Status Scale (EDSS) (Kurtzke
1983); or any other functional outcome as reported by the authors
of included studies

Clinical outcomes

Siddiqui 2014 reported no significant within- or between-group
changes in the EDSS at six months' follow-up. Traboulsee 2018
reported that there was little change in median EDSS score at 11
months' follow-up in either group. Zamboni 2018 reported that the
median (interquartile range) EDSS score was 2.0 (1.5 to 3.0) in the
PTA group and 2.0 (1.5 to 2.5) in the sham group (P = 0.49) at 12
months' follow up.

A composite functional outcome including walking control,
balance, manual dexterity, postvoid residual urine volume, and
visual acuity was evaluated in Zamboni 2018 at 12 months. A total
of 30 of 73 participants (41%) in the PTA group and 18 of 37 (49%) in
the sham group improved on the functional outcome — a di%erence
of −7% (95% CI −26.7 to 10.1) in favour of the sham group (RR 0.84,
95% CI 0.55 to 1.30; 1 study, 110 participants; low-quality evidence;
Analysis 1.2). Worsening occurred in nine participants (12%) in
the PTA group versus seven (19%) in the sham group; functional
stability was maintained in 17 (23%) in the PTA group and 8 (22%) in
the sham group. A fluctuant outcome (improvement in one or more
functions and worsening in one or more) occurred in 16 participants
(22%) in the PTA group and 4 (11%) in the sham group.

Patient-reported outcomes (PROs)

Siddiqui 2014 reported that no significant between-group changes
in QoL outcomes were detected in participants. Traboulsee 2018
reported a transient increase in MSQOL scores within 72 hours
(mental scores) and 2 weeks (physical scores) in both groups. The
mean improvement from baseline to week 48 for MSQOL physical
score was 1.3 and 1.4 (sham vs venoplasty P = 0.95); MSQOL mental
score 1.2 and −0.8 (sham vs venoplasty P = 0.55); fatigue score
was 0.2 and 0.1 (sham vs venoplasty P = 0.65); pain score was 0.1
and −0.2 (sham vs venoplasty P = 0.19). There was no significant
di%erence in the proportion of sham and venoplasty participants

who had an improvement in all the other PROs from baseline to
week 48. Zamboni 2018 did not report any PRO outcome.

Secondary outcomes

Proportion of participants who experienced new relapses over
12 months

PTA compared with sham probably makes no di%erence to the risk
of new relapses (RR 0.87, 95% CI 0.51 to 1.49; I2 = 0%; 3 studies,
235 participants; moderate-quality evidence; Analysis 1.3). Siddiqui
2014 reported that there were four relapses in the treated arm
(among 3 participants) and one in the sham arm. The relapses
occurred at 1, 3 (2 relapses), and 6 months in the treated arm and
at 5 months in sham group. Traboulsee 2018 reported relapses in
eleven participants (6 in sham, 5 in venoplasty) over 48 weeks.
Zamboni 2018 reported that seventeen of 73 participants (23%) in
the PTA group had one relapse over the 12 months compared with
12 of 39 (31%) in the sham group.

Mean change in cognitive functions assessment

Siddiqui 2014 reported that no significant between-group changes
in cognitive outcomes were detected.

Proportion of participants who experienced post-intervention
restored venous flow

Siddiqui 2014 reported that improvement of venous
haemodynamic insu%iciency severity score (VHISS) was observed
in treatment arm (P = 0.02) and sham arm (P = 0.04) at month
1 post intervention but did not reach more than 75% restoration
of venous outflow compared to baseline. No di%erences in VHISS
improvement were detected between treated and sham groups (P
= 0.89). Zamboni 2018 reported that blinded flow assessment at 12
months revealed restored flow in 38 of 71 patients (54%) in the PTA
group and 14 of 37 (38%) in the sham group. Traboulsee 2018 did
not report the outcome.

D I S C U S S I O N

Summary of main results

The aim of this updated review was to assess the e%ects of
percutaneous transluminal angioplasty (PTA) for the treatment of
CCSVI in people with MS. We added three new studies to the original
review; four studies previously identified as ongoing had been
terminated and provided no outcome data. The three studies we
included comprised 238 people of ages 18 to 65 years with mainly
relapsing-remitting MS; 134 were randomised to PTA and 104 to
sham treatment. Durations of studies ranged from six to 12 months.

Serious adverse events (SAEs) were reported in all studies and the
results showed that the PTA intervention probably did not increase
the risk of operative or post-operative SAEs compared with the
sham procedure. Our confidence in the long-term safety of the PTA
intervention is low because information on SAEs during follow-
up was poorly reported. Moderate or severe pain during or post
venography was reported in the PTA and sham participants in all
studies.

Patient-centred outcomes such as disability worsening —
measured by the Expanded Disability Status Scale (three studies),
a functional outcome including walking control, balance, manual
dexterity, postvoid residual urine volume, and visual acuity
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(one study), and relapses over 12 months post intervention
(three studies) — were available to evaluate benefit of the PTA
intervention. We detected no di%erences overall in these outcomes
between treatment groups and there was no heterogeneity
between studies. Quality of life was reported in two studies with
no di%erence between treatment groups. While the data available
were limited they were of moderate quality (GRADE), so we have
moderate-certainty evidence that PTA compared with sham makes
no di%erence to all these outcomes.

Venous PTA was not e%ective in restoring blood flow assessed at
one month (one study) or 12 months (one study) post intervention.

Overall completeness and applicability of evidence

The review includes representation from people with MS of
age range 18 to 65 years, of mainly the RRMS subtype and
evaluated in populations in Italy, Canada and USA. Two were
multicentric studies and hence overall applicable. The evidence
required had to provide information about the safety of the
procedure, improvement in disability, relapses and patient-
reported outcomes, as well on the e%ectiveness of the procedure
and long-term safety and e%ectiveness. There were data available
on safety and primary e%ectiveness of the procedure regarding
patency but the outcomes reflecting clinical improvement were
addressed only partially in the trials of the review.

The applicability of the available evidence needs to be considered
in light of the fact that some of the non-randomised excluded
studies have been well-documented studies of either poor
association of CCSVI with MS or ine%ectiveness of PTA for CCSVI; and
they were undertaken during a period similar to that of the studies
included in the review. It should also be noted that the most recent
international practice of countries outside the aforementioned
countries excludes this form of treatment.

Quality of the evidence

Our review included three studies, which involved 238 participants.
We considered the quality of the evidence for safety and benefit
outcomes to be moderate because of small patient numbers
included in these studies; and imprecision. We further downgraded

the quality of evidence for patient-reported outcomes due to
incomplete outcomes data.

Potential biases in the review process

We made every attempt to limit bias in the review process by
ensuring a comprehensive search of potentially eligible studies (up
to August 2018) since the publication of the original review in 2012,
to reduce the possibility that we might overlook additional studies
eligible for inclusion. The authors' independent assessments of
eligibility of studies for inclusion in this review minimised the
potential for additional bias.

Agreements and disagreements with other studies or
reviews

To our knowledge, no systematic reviews are available to compare
with our review.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This systematic review identified moderate-quality evidence that,
compared with sham procedure, the PTA intervention did not
provide benefit on patient-centred outcomes (disability, physical
or cognitive functions, relapse, quality of life) in people with MS.
Moreover, the fact that results for restored blood flow were similar
for treated and sham groups suggested that PTA was not e%ective
in restoring venous outflow. Venous PTA has proven to be a safe
technique but this intervention cannot be recommended in people
with MS in view of the available evidence that it is largely ine%ective.

Implications for research

No further randomised clinical studies are needed.
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Characteristics of included studies [ordered by study ID]

 

Methods Randomised controlled study of 6 months' duration. Participants were enrolled between June 2010
and March 2012 at the University of Buffalo, NY.

Participants Inclusion criteria:

• age 18 to 65 years;

• EDSS (Expanded Disability Disease Scale Score) 0 to 6.5 (0 to 5.5 in phase II of the study);

• diagnosis of relapsing MS according to the McDonald criteria (Polman 2005);

• 1 relapse within the past 12 months or GAD positive lesion on an MRI within the past 3 months (only
for phase II of the study);

• be on treatment with currently FDA-approved disease-modifying treatments (excluding Tysabri or
steroids (within the last 30 days prior to enrolment);

• evidence of ≥ 2 sonographic parameters of suspicious abnormal extracranial cerebral venous outflow
(see Table 1 background and 1.5 section);

• normal renal function: creatinine clearance level of > 60.

Exclusion criteria:

• relapse, disease progression and Tysabri and steroid treatment in the 30 days preceding study entry;

• pre-existing medical conditions known to be associated with brain pathology (e.g. neurodegenerative
disorder, cerebrovascular disease, positive history of alcohol abuse);

• severe peripheral chronic venous insufficiency;

• abnormal renal function;

• contrast allergy (anaphylaxis);

• not willing to undergo the endovascular treatment;

• peripheral vascular disease.

The mean age was 43.3 years in the treatment group and 44.8 years in the sham group. The median dis-
ease duration was 9 years in the treatment group and 10 years in the sham group. Females were 56%
(5/9) and 80% (8/10) respectively in the treatment and the sham group; and all participants were on
disease-modifying drugs. The 2 groups were similar for baseline characteristics.

Interventions Venous angioplasty: 9 participants; Sham: 10 participants
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Venous angioplasty. Patients were heparinized to confirm an activated clotting time of at least 250
seconds. A noncompliant balloon with nominal diameter of at least 80% of the proximal vein (of inter-
est) was placed across the stenosis over a 0.035-inch glide wire. Inflation proceeded slowly at a rate of
1 atmosphere per 30s until nominal pressure was reached (8 to 12 atmospheres). The dilated balloon
was leP in place for 5 minutes and then deflated at a rate of 1 atmosphere per 15s. Once the balloon
was completely deflated, it was withdrawn and the diagnostic catheter reintroduced over an exchange
wire to perform a post-procedure selective venogram and assess residual stenosis. The goal of the an-
gioplasty was to restore the venous outflow stricture to > 50% of normal proximal venous diameter.
Additional angioplasty was performed if > 50% residual stenosis remained. Once adequate angioplas-
ty had been performed, the catheter, wire, and sheath were removed and the venous access site at the
level of the common femoral vein was compressed using manual compression for 20 minutes followed
by placement of a non-occlusive vascular clamp for 1 hour.

Post-procedurally, patients were admitted to a monitored (constant apnea and cardiac monitors) unit
for observation of any immediate adverse events (AEs). The groin was inspected every 4 hours until
discharge. At 4 hours post procedure, if there was no evidence of a growing groin haematoma, the pa-
tients received the first dose of enoxaparin sodium, 30 mg subcutaneously, which was continued on
a once-daily basis for 3 weeks (drug provided at discharge). In addition, a daily dose of aspirin, 81 mg,
was given starting on the day of the procedure for a total of 3 weeks. Patients were observed overnight
and discharged the next morning if there were no AEs.

Sham procedure. As above, except the balloon was inserted but not inflated in the sham-procedure
group.

Outcomes Primary outcomes: (i) percentage of patients presenting with severe AEs at 24 hours (immediate) and
1 month (short-term) post-endovascular procedure; (ii) number of relapses over the 6 months.

Secondary outcomes: restoration of venous outflow > 75% at 1 month compared to baseline; new
MRI-based lesion activity; clinical relapse rate over 6 months. Additional endpoints included changes in
EDSS, brain volume, cognitive test, 6-minute walk, quality of life, and MS functional composite scores.

Notes Funding. Kaleida Health (New York) in the form of provision of diagnostic and interventional services
at no cost for the study; Direct MS Foundation (Canada), Volcano Corp (California), Covidien/ev3 Corp
(California), and Jacquemin Family Foundation (Virginia) in the form of unrestricted educational grants
or donations to Kaleida Health or to the State University of New York at Buffalo. This was an investiga-
tor-initiated study and there was no involvement from any of the sponsoring organizations in the de-
sign, collection, analysis, interpretation of data, writing of the report, or submission for publication.
ClinicalTrials.gov: NCT01450072.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not reported

Allocation concealment
(selection bias)

Low risk Randomization was performed by an independent statistician in 1:1 fashion
using sealed and numbered envelopes with predetermined treatments (Ap-
pendix e-3).

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk No sta% member from the safety, imaging, or clinical evaluation arms of this
study was present during the treatment procedure. The operating room sta%
received training about the blinding requirements and avoided any loud pro-
cedure-related conversation. Relatively loud music of the patient's choice was
played to further distract sedated patients so that procedural conversation
was inaudible. X-ray shields were covered with opaque sterile covers and mon-
itors were angled away from patients to prevent them from observing images
of their procedure. All patients received a rigorous sternal rub (painful stimu-
lus) upon insertion of the angioplasty balloon, regardless of inflation. A blind-
ness assessment survey was administered the following morning prior to dis-
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charge. The survey results showed that 90% of patients confirmed that they
did not know whether they received angioplasty or the sham endovascular
procedure.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk All study personnel, with the exception of the interventional neurosurgeons,
were blind to the assigned procedure (p442). No sta% member from the safety,
imaging, or clinical evaluation arms of this study was present during the treat-
ment procedure (Appendix e-3).

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All randomised participants were followed up till the end of the study (6
months) and were included in the analysis.

Selective reporting (re-
porting bias)

Low risk A priori protocol mentioned and the outcomes indicated reported.

Other bias Low risk  

Siddiqui 2014  (Continued)

 
 

Methods Randomised controlled study of 11 months' duration. The study was conducted at 4 Canadian academ-
ic centres with MS clinics and interventional radiology expertise (University of British Columbia [UBC]
Hospital, Vancouver; Health Sciences Centre, Winnipeg; CHUM, Hôpital Notre-Dame, Montreal; Hôpital
Enfant-Jesus, Quebec). Participants were recruited between 29 May 2013, and 19 August 2015.

Participants Participants with relapsing-remitting MS (RRMS), secondary progressive MS, and primary progressive
MS.

Inclusion criteria:

• age 18 to 65 years;

• diagnosis of definite MS by the 2010 McDonald criteria;

• Expanded Disability Status Scale (EDSS) score between 0 (i.e. minimal disability) and 6.5 (i.e. using
bilateral aids to walk);

• neurologically stable disease within the 30 days before screening;

• at least 2 ultrasound criteria for CCSVI defined by the Canadian Institutes of Health Research Imaging
Expert Panel (appendix e-1, links.lww.com/WNL/A720): reflux in the internal jugular vein (IJV) and/
or vertebral vein; reflux present in the deep cerebral veins; B mode IJV stenosis; absent IJV and/or
vertebral vein flow; and negative IJV cross-sectional area;

• participants had to have confirmation on catheter venography of > 50% narrowing affecting at least 1
of 3 extracranial veins (either internal jugular or azygos, or both).

Participants on standard disease-modifying therapies (DMTs) were permitted to continue on medica-
tion, and changes were allowed for on-study relapses after randomization.

Exclusion criteria:

• treatment with vasodilators, parasympathomimetics, sympathicolytics, calcium channel blockers;

• previous venoplasty and/or stenting;

• previous jugular or subclavian central line or major neck surgery or radiation;

• previous contrast allergy;

• inability to undergo MRI;

• inadequate medical records confirming diagnosis and disease course;

• inability to complete all study visits.

274 participants screened, 104 randomized
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The mean age was 50.5 years (range 33 to 65) with a mean disease duration of 17 years; 65% (68/104) of
participants were women and 62% (64/104) had RRMS. 69% percent (44/64) of participants with RRMS
were on disease-modifying drugs. Characteristics were similar between treatment groups and centres.
On baseline venography, 50% of participants (32/64) with RRMS and 72% (29/40) with secondary pro-
gressive or primary progressive MS had multiple vessels with > 50% narrowing.

Interventions Venous angioplasty: 49 participants; Sham: 55 participants.

Intervention was either sham or active balloon venoplasty of all narrowed veins. The venoplasty partic-
ipants were treated with an angioplasty balloon 2 mm greater than the nominal vein diameter, which
was inflated for 60 seconds. A repeat venoplasty was performed for persistent narrowing > 50%. The
participants of sham had a catheter that was advanced across the stenosis and leP for 60 seconds.

Outcomes Primary outcomes:

• Safety over 48 weeks including SAEs and AEs

• Change in the MS Quality of Life–54 (MSQOL-54) physical and mental composite scores from baseline
to week 48

Secondary outcomes were the changes in MSQOL-54 physical and mental composite from baseline to
72 hours.

Fatigue Severity Scale, North American Research Committee on MS pain scale, and CCSVI symptom
scale from baseline to 72 hours and week 48, and change in EDSS (median) and MSFC (mean) from
baseline to week 48, relapses.

Combined unique MRI active lesions, defined as a contrast-enhancing lesion on T1-weighted scan or a
non-T1 enhancing, new/enlarging T2 lesions, measured at baseline, weeks 24 and 48.

Notes The study was primarily supported by cooperative agreements from the Canadian Institutes of Health
Research (CIHR), MS Society of Canada, Michael Smith Foundation for Health Research, Research Mani-
toba, and Ministère de la Santé et des Services Sociaux du Quebec.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Stratified treatment randomization (RRMS vs progressive MS course) at each
site was completed by a permuted block size of 6 to reduce the likelihood of
obtaining unbalanced groups. The randomization table was generated by an
independent statistician (e1662).

Allocation concealment
(selection bias)

Low risk Treatment assignments were sealed in individual envelopes, only opened after
eligibility was confirmed, and resealed after the procedure (e1662).

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk All participants were blinded to intervention assignment (e1662).

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk All assessors were blinded to intervention assignment. The interventional
team was not involved in any outcome assessments.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All 49 participants in the treatment group and all 55 participants in the sham
group were analysed. 1 participant randomized to the sham group withdrew
at week 24 because of a time conflict. 1 participant randomized to sham only
completed MRI and blood work at week 48 (e1663).

Traboulsee 2018  (Continued)
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Selective reporting (re-
porting bias)

Low risk Sufficient information to judge low risk in view of a priori protocol published
and outcomes reported as mentioned.

Other bias Low risk  

Traboulsee 2018  (Continued)

 
 

Methods Randomised controlled trial of 12 months' duration. The study was conducted at 6 MS centres in Italy
and their associated colour Doppler ultrasonography (ECD) and angiography units. The trial began in
August 2012 and concluded in March 2016; data were analysed from April 2016 to September 2016.

Participants Inclusion criteria:

• participants affected by CCSVI associated with MS;

• relapsing-remitting or secondary progressive, or both;

• 18 to 65 years old;

• EDSS (Expanded Disability Disease Scale Score) 2 to 5;

• disease duration < 10 yrs;

• no relapse in the 30 days preceding the procedure;

• clinical stability in the last 6 months with disease-modifying treatments;

• participants under the best available therapy.

Exclusion criteria:

• participants previously treated for CCSVI or inserted in other clinical trials in the last 3 months;

• under treatment with natalizumab;

• pregnant or refusing to adopt contraception;

• presence of significant comorbidities;

• alcohol/drug abuse;

• thrombophilia;

• contraindication to MR.

177 participants with relapsing-remitting MS assessed for eligibility; 62 excluded; 115 participants en-
rolled and randomised.

The mean age was 40.0 years in the PTA group and 37.5 years in the sham group. The median disease
duration was 4.3 years in the PTA group and 6.1 years in the sham group. Females were 59% (45/76) and
74% (29/39) respectively in the PTA and the sham group, and 41% (31/76) and 46% (18/39) were on dis-
ease-modifying drugs. The 2 groups were similar for baseline characteristics except that participants in
the sham group had more women and longer disease duration.

Interventions Venous percutaneous transluminal angioplasty (PTA): 76 participants. Sham: 39 participants.

PTA. Participants underwent catheter venography without venous angioplasty of the azygos and in-
ternal jugular veins, with percutaneous access via the leP femoral vein. If venography was positive for
CCSVI, participants randomized to the PTA group received venous PTA during the venography session.
If CCSVI was absent, those assigned to the PTA group received catheter venography without venous an-
gioplasty.

Sham. Those allocated to the sham group received catheter venography without venous angioplasty.
These procedures were performed via day surgery. Overnight hospital stay was never required in this
trial. All patients received prophylactic
low-molecular-weight heparin during the 3 subsequent weeks.

Outcomes 2 primary outcomes:
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• A composite functional outcome including walking control, balance, manual dexterity, postvoid resid-
ual urine volume and visual acuity. All these functions were measured by objective instruments. Based
on the changes found, each index was considered improved, stable or worsened at 12 months' follow
up. A final composite outcome score was defined as: (1) improved; (2) worsened; (3) fluctuant; (4) sta-
ble. Evaluations were performed by operators (2 per participating center) at baseline, within 15 days
of venography, and 3, 6, and 12 months later. Only results at 12 months were used in analyses.

• The primary MRI end point was the number of new combined cerebral lesions at 12 months compared
with baseline. New combined lesions included: (1) new lesions on T2-weighted images, (2) preexisting
lesions enlargedby greater than 30% on T2-weighted images, and (3) gadolinium-enhancing lesions in
T1-weighted images of preexisting lesions. AnadditionalMRIend point was the proportion of patients
free of new lesions. Scans were acquired at baseline and at 6 and 12 months after venography.

Secondary outcomes at 12 months were the proportion of participants with CCSVI diagnosed by
EchoDoppler but not confirmed by venography; annualized relapse rate; change in EDSS score; propor-
tion of participants with relapses; and proportion of participants who had venous PTA with restored
flow on EchoDoppler at 12 months.

Notes This article was supported by the Directorate-General for Health and Welfare of the Italian Region of
Emilia Romagna and by contributing charities. ClinicalTrials.gov: NCT01371760.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The data coordinating centre set up an Internet-based computerized central
randomisation protocol stratified by participating centre with variable length
blocks, which assigned participants to the PTA or sham group in a 2:1 ratio
(p36).

Allocation concealment
(selection bias)

Low risk Treatment assignment was made known to the treating surgeon (via the elec-
tronic case report form) only on the day of the operation. Patients and operat-
ing room and hospital personnel were blinded to assignment (p36).

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk To maintain patient blinding, surgeons were trained to deliver a catheter
venography intervention that simulated venous PTA. This involved sudden ac-
celeration of the catheter as it passed through the internal jugular vein togeth-
er with a comment from the radiologist suggesting that venous PTA had been
performed.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk All study investigators were blinded to assignment (p36). The MRI scans were
assessed by an experienced specialist blinded to treatment assignment (p37).
Flow assessment at 12 months was blinded (p39).

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 72 (95%) of 76 participants in the PTA group and 37 (95%) of 39 in the sham
group were analysed for the combined clinical end point.

Selective reporting (re-
porting bias)

Low risk Sufficient information to judge low risk in view of a priori protocol published
and outcomes reported as mentioned.

Other bias Low risk Participants in the sham group had more women and longer disease duration.

Zamboni 2018  (Continued)
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Study Reason for exclusion

ACTRN12612000302853 Terminated in 2012 (www.amzctr.org.au). Unpublished results

Alroughani 2013 Retrospective study of people with MS who had undergone PTA procedure

De Pasquale 2014 An uncontrolled study

Ghezzi 2013 Non-randomised study

Hubbard 2012 Non-randomised study

NCT01089686 Terminated on 7 March 2012. 2 participants enrolled (ClinicalTrials.gov). Unpublished results

NCT01201707 Terminated on 26 November 2013. Inability to enrol adequate number of participants (ClinicalTrial-
s.gov). Unpublished results

NCT01555684 Withdrawn on 2 December 2015 (ClinicalTrials.gov). Unpublished results

Radak 2014 Non-randomised study

Zagaglia 2013 Non-randomised study

Zivadinov 2013 Non-randomised study

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   PTA vs SHAM

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Proportion of participants who experienced
operative or postoperative serious adverse
events

3 238 Risk Ratio (M-H, Ran-
dom, 95% CI)

3.33 [0.36, 30.44]

2 Proportion of participants who experienced
improvement of composite functional end-
point over 12 months

1 110 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.84 [0.55, 1.30]

3 Proportion of participants who experienced
new relapses over 12 months

3 235 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.87 [0.51, 1.49]

 
 

Analysis 1.1.   Comparison 1 PTA vs SHAM, Outcome 1 Proportion of participants
who experienced operative or postoperative serious adverse events.

Study or subgroup PTA Sham Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Siddiqui 2014 1/9 0/10 51.5% 3.3[0.15,72.08]

Favours PTA 100.1 50.2 20.5 1 Favours Sham
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Study or subgroup PTA Sham Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Traboulsee 2018 1/49 0/55 48.5% 3.36[0.14,80.62]

Zamboni 2018 0/76 0/39   Not estimable

   

Total (95% CI) 134 104 100% 3.33[0.36,30.44]

Total events: 2 (PTA), 0 (Sham)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Test for overall effect: Z=1.07(P=0.29)  

Favours PTA 100.1 50.2 20.5 1 Favours Sham

 
 

Analysis 1.2.   Comparison 1 PTA vs SHAM, Outcome 2 Proportion of participants
who experienced improvement of composite functional endpoint over 12 months.

Study or subgroup PTA Sham Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Zamboni 2018 30/73 18/37 100% 0.84[0.55,1.3]

   

Total (95% CI) 73 37 100% 0.84[0.55,1.3]

Total events: 30 (PTA), 18 (Sham)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.77(P=0.44)  

Favours PTA 100.1 50.2 20.5 1 Favours Sham

 
 

Analysis 1.3.   Comparison 1 PTA vs SHAM, Outcome 3 Proportion
of participants who experienced new relapses over 12 months.

Study or subgroup PTA Sham Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Siddiqui 2014 3/9 1/10 6.52% 3.33[0.42,26.58]

Traboulsee 2018 5/49 6/55 22.31% 0.94[0.3,2.87]

Zamboni 2018 17/73 12/39 71.17% 0.76[0.4,1.42]

   

Total (95% CI) 131 104 100% 0.87[0.51,1.49]

Total events: 25 (PTA), 19 (Sham)  

Heterogeneity: Tau2=0; Chi2=1.84, df=2(P=0.4); I2=0%  

Test for overall effect: Z=0.5(P=0.62)  

Favours PTA 100.1 50.2 20.5 1 Favours Sham

 

 

A D D I T I O N A L   T A B L E S
 

ntigen Substance or molecule that, when introduced into the body, triggers the production of an antibody
by the immune system, which will then kill or neutralise the antigen that is recognised as a foreign
and potentially harmful invader

Table 1.   Glossary of terms 
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Autoreactive Immune response acting against own tissue

Ataxia Neurological sign and symptom that consists of gross lack of coordination of muscle movements

Axon Part of the neuron that conducts electrical impulses away from the neuron's cell body

Central nervous system Part of the nervous system that integrates the information that it receives from, and coordinates
the activity of, all parts of the body. It comprises the brain and the spinal cord

Cognitive impairment Condition associated with forgetfulness, difficulty concentrating, or making decisions that affect
everyday life. Cognitive impairment ranges from mild to severe. With mild impairment, people may
begin to notice changes in cognitive functions, but still be able to do their everyday activities. Se-
vere levels of impairment can lead to losing the ability to understand the meaning or importance of
something and the ability to talk or write, resulting in the inability to live independently.

Congestion Accumulation or overfilling of the blood vessels

Demyelination Loss of the myelin sheath insulating the nerves

Dysarthria Having a problem with articulating

Erythrocyte extravasation Leakage of red blood cells into the surrounding tissue

Gliosis Proliferation of astrocytes (glial cells) in damaged areas of the central nervous system

HLA-DR Major histocompatability complex (MHC) class II cell surface receptor encoded by the human
leukocyte antigen complex on chromosome 6 region 6p21.31. HLA-DR is also involved in several
autoimmune conditions, disease susceptibility and disease resistance. It is also closely linked to
HLA-DQ and this linkage often makes it difficult to resolve the more causative factor in disease

HLA-DQ A cell surface receptor type protein (MHC class II type) found on antigen presenting cells. The DQ
loci are in close genetic linkage to HLA-DR. When tolerance to self-proteins is lost, DQ may become
involved in autoimmune disease

Immuno-mediated disease Conditions that result from abnormal activity of the body's immune system

Inflammation Response of vascular tissues to harmful stimuli and a protective attempt to remove the injurious
stimuli and to initiate the healing process. A cascade of biochemical events propagates and ma-
tures the inflammatory response, involving the local vascular system, the immune system and vari-
ous cells within the injured tissue

Major histocompatability com-
plex (MHC)

A large genomic region or gene family found in most vertebrates that encodes MHC molecules.
MHC molecules play an important role in the immune system and autoimmunity

Neuron An electrically excitable cell that processes and transmits information by electrical and chemical
signalling. Chemical signalling occurs via synapses, specialised connections with other cells. Neu-
rons connect to each other to form networks. Neurons are the core components of the nervous sys-
tem

Pathological Altered or caused by disease

Pathogenesis The mechanism by which the disease is caused

Phagocytosis Mechanism used to remove pathogens and cell debris

Polygenic disease Disease controlled by several genes at once

Table 1.   Glossary of terms  (Continued)
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Relapse An objective new/re-emerging neurological abnormality present for at least 24 hours in the ab-
sence of fever/infection

Reversible Capable of returning to an original condition/situation

Stenosis Abnormal narrowing in a blood vessel

Tremor Involuntary, somewhat rhythmic, muscle contraction and relaxation involving to-and-fro move-
ments of 1 or more body parts

Venogram An X-ray test that takes pictures of blood flow through the veins in a certain area of the body

Venotopic Located in the veins

Venous angioplasty A procedure that can be performed during a venogram to open or bypass veins. It can also be used
for placement of a stent, which keeps a vessel or tissue in an open position to allow for improved
blood flow

Venous congestion Dilation of veins and capillaries due to impaired venous drainage

Vertigo Type of dizziness, where there is a feeling of motion when one is stationary

Table 1.   Glossary of terms  (Continued)

 

 

A P P E N D I C E S

Appendix 1. Keywords for searching the Cochrane MS Group Specialised Register

{cerebral vein\*} OR {cerebrospinal fluid} OR {jugular vein\*} OR {regional blood flow} OR {venous insu%iciency} OR {vertebral artery} OR
{chronic cerebrospinal venous insu%iciency} OR {chronic vein insu%iciency} OR {vein} OR {veins} OR {CCSVI} OR {vascular disorder}

AND

{angioplasty} OR {venoplasty} OR {percutaneous transluminal angioplasty} OR {endovascular} OR {angioplasties} OR {transluminal
angioplasty} OR {endoluminal repair\*} OR {percutaneous transluminal artery dilatation} OR {balloon} OR {transluminal artery dilatation}
OR {stent} OR {stenting} OR {surgery} OR {catheter venography}

Appendix 2. CENTRAL search strategy

#1 MeSH descriptor Multiple Sclerosis, this term only

#2 MeSH descriptor Multiple Sclerosis, Chronic Progressive, this term only

#3 MeSH descriptor Multiple Sclerosis, Relapsing-Remitting, this term only

#4 MeSH descriptor Myelitis, Transverse explode trees 3, 5 and 7

#5 MeSH descriptor Optic Neuritis explode all trees

#6 MeSH descriptor Encephalomyelitis, Acute Disseminated, this term only

#7 MeSH descriptor Demyelinating Autoimmune Diseases, CNS, this term only

#8 MeSH descriptor Demyelinating Diseases, this term only

#9 "multiple sclerosis":ti,ab,kw or "chronic progressive multiple sclerosis":ti,ab,kw or "progressive relapsing multiple sclerosis":ti,ab,kw
or "secondary progressive multiple sclerosis":ti,ab,kw or "primary progressive multiple sclerosis":ti,ab,kw or "relapsing remitting multiple
sclerosis":ti,ab,kw or "remitting-relapsing multiple sclerosis":ti,ab,kw or "acute relapsing multiple sclerosis":ti,ab,kw or "neuromyelitis
optica":ti,ab,kw or "optic neuritis":ti,ab,kw or "devic disease":ti,ab,kw or "demyelinating disease":ti,ab,kw or (adem):ti,ab,kw or
"demyelinating disorder":ti,ab,kw or "clinically isolated syndrome":ti,ab,kw or "transverse myelitis":ti,ab,kw or "acute disseminated
encephalomyelitis":ti,ab,kw or (encephalomyelitis):ti,ab,kw
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#10 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9)

#11 MeSH descriptor Constriction, Pathologic explode all trees

#12 MeSH descriptor Cerebrovascular Disorders, this term only

#13 MeSH descriptor Venous Insu%iciency, this term only

#14 MeSH descriptor Endothelium, Vascular explode all trees

#15 "cerebral vein*":ti,ab,kw or "chronic cerebrospinal venous insu%iciency":ti,ab,kw or (CCSVI):ti,ab,kw or "cerebrospinal fluid":ti,ab,kw

#16 (#11 OR #12 OR #13 OR #14 OR #15)

#17 MeSH descriptor Angioplasty, this term only

#18 MeSH descriptor Angioplasty, Balloon explode all trees

#19 MeSH descriptor Catheterization, this term only

#20 MeSH descriptor Catheterization, Central Venous, this term only

#21 MeSH descriptor Ambulatory Surgical Procedures explode all trees

#22  (angioplast*):ti,ab,kw or "percutaneous transluminal angioplasty":ti,ab,kw or "transluminal angioplasty":ti,ab,kw or
(venoplasty):ti,ab,kw or (percutaneous AND transluminal):ti,ab,kw

#23 (endoluminal AND repair):ti,ab,kw or "catheter venography":ti,ab,kw or "endoluminal repair":ti,ab,kw or (endovascular):ti,ab,kw or
(stent*):ti,ab,kw

#24 (#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23)

#25 (#16 AND #24)

#26 (#10 AND #25)

Appendix 3. MEDLINE (PubMed) search strategy

((((("jugular vein"[Title/Abstract]) OR "regional blood flow"[Title/Abstract]) OR "vascular disorder"[Title/Abstract]) OR vein*[Title/
Abstract]) OR "venous insu%iciency"[Title/Abstract]) OR "vertebral artery"[Title/Abstract] OR pathologic constriction[MeSH Terms]
OR cerebrovascular disorder[MeSH Terms] OR (("Venous Insu%iciency"[Mesh:noexp]) OR ("Endothelium, Vascular"[Mesh]) OR
((((("cerebral vein*"[Title/Abstract]) OR "chronic cerebrospinal venous insu%iciency"[Title/Abstract]) OR "chronic vein insu%iciency"[Title/
Abstract]) OR CCSVI[Title/Abstract]) OR "cerebrospinal fluid"[Title/Abstract])) AND ((((("Angioplasty"[Mesh:noexp]) OR "Angioplasty,
Balloon"[Mesh:noexp]) OR "Catheterization"[Mesh:noexp]) OR (((angioplast*[Title/Abstract]) OR "percutaneous transluminal
angioplasty"[Title/Abstract]) OR "transluminal angioplasty"[Title/Abstract]) OR (venoplasty[Title/Abstract]) OR (((percutaneous[Title/
Abstract]) AND transluminal[Title/Abstract]) OR ((endoluminal[Title/Abstract]) AND repair*[Title/Abstract])) OR ("Ambulatory Surgical
Procedures"[Mesh]))) OR (((("catheter venography"[Title/Abstract]) OR "endoluminal repair"[Title/Abstract]) OR endovascular[Title/
Abstract]) OR stent*[Title/Abstract]) AND (((((((("Multiple Sclerosis"[Mesh:noexp] OR "Multiple Sclerosis, Chronic Progressive"[Mesh])
OR "Multiple Sclerosis, Relapsing-Remitting"[Mesh]) OR "Demyelinating Diseases"[Mesh:noexp]) OR "Optic Neuritis"[Mesh]) OR
"Demyelinating Autoimmune Diseases, CNS"[Mesh:noexp]) OR "Encephalomyelitis, Acute Disseminated"[Mesh]) OR "Myelitis,
Transverse"[Mesh]) OR ((((((((((((((((("multiple sclerosis"[Title/Abstract]) OR "chronic progressive multiple sclerosis"[Title/Abstract]) OR
"progressive relapsing multiple sclerosis"[Title/Abstract]) OR "secondary progressive multiple sclerosis"[Title/Abstract]) OR "primary
progressive multiple sclerosis"[Title/Abstract]) OR "relapsing remitting multiple sclerosis"[Title/Abstract]) OR "remitting-relapsing
multiple sclerosis"[Title/Abstract]) OR "acute relapsing multiple sclerosis"[Title/Abstract]) OR "neuromyelitis optica"[Title/Abstract]) OR
"optic neuritis"[Title/Abstract]) OR "devic disease"[Title/Abstract]) OR "demyelinating disease"[Title/Abstract]) OR adem[Title/Abstract])
OR "demyelinating disorder"[Title/Abstract]) OR "clinically isolated syndrome"[Title/Abstract]) OR "transverse myelitis"[Title/Abstract])
OR "acute disseminated encephalomyelitis"[Title/Abstract] OR ("encephalomyelitis"[Title/Abstract])))

Appendix 4. EMBASE (embase.com)

'multiple sclerosis'/exp OR 'demyelinating disease'/exp OR 'optic neuritis'/exp OR 'acute disseminated encephalomyelitis'/exp OR
'myelooptic neuropathy'/exp OR 'myelitis'/exp OR 'multiple sclerosis':ab,ti OR 'chronic progressive multiple sclerosis':ab,ti OR 'progressive
relapsing multiple sclerosis':ab,ti OR 'secondary progressive multiple sclerosis':ab,ti OR 'primary progressive multiple sclerosis':ab,ti OR
'relapsing remitting multiple sclerosis':ab,ti OR 'remitting-relapsing multiple sclerosis':ab,ti OR 'acute relapsing multiple sclerosis':ab,ti
OR 'optic neurities':ab,ti OR 'neuromyelitis optica':ab,ti OR encephalomyelitis:ab,ti OR 'clinically isolated syndrome':ab,ti OR 'transverse
myelitis':ab,ti OR 'devic disease':ab,ti OR 'demyelinating disease':ab,ti OR 'demyelinating disorder':ab,ti OR 'acute disseminated
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encephalomyelitis':ab,ti OR adem:ab,ti AND (percutaneous AND transluminal:ab,ti OR (endoluminal AND repair*:ab,ti) OR 'ambulatory
surgery'/exp OR 'angioplasty'/exp OR 'percutaneous transluminal angioplasty'/exp OR 'catheterization'/de OR angioplast*:ab,ti OR
'percutaneous transluminal angioplasty':ab,ti OR 'transluminal angioplasty':ab,ti OR venoplasty:ab,ti OR 'catheter venography':ab,ti OR
'endoluminal repair':ab,ti OR endovascular*:ab,ti) AND ('stenosis, occlusion and obstruction'/exp OR 'cerebrovascular disease'/de OR
'vein insu%iciency'/de OR 'chronic cerebrospinal venous insu%iciency'/exp OR 'chronic vein insu%iciency'/exp OR 'vascular endothelium'/
exp OR ccsvi:ab,ti OR 'cerebral vein':ab,ti OR 'chronic cerebrospinal venous insu%iciency':ab,ti OR 'chronic vein insu%iciency':ab,ti OR
'cerebrospinal fluid':ab,ti OR 'vascular disorder':ab,ti OR vein*:ab,ti OR 'venous insu%iciency':ab,ti) AND [embase]/lim NOT [medline]/lim

F E E D B A C K

Alessandro Rasman, 5 July 2019

Summary

Comment: I think the studies examined are too few to draw definitive conclusions on this topic

Do you have any a%iliation with or involvement in any organisation with a financial interest in the subject matter of your comment?:

Reply

The review authors ensured a comprehensive search of potentially eligible randomized clinical trials up to August 2018. They judged the
quality of the evidence for safety and benefit outcomes to be moderate according to GRADE. This means that the true e%ect is likely to be
close to the estimate of the e%ect, but there is a possibility that it is substantially di%erent.

One of the four review authors has declared to have COI. This is reported in the section “Declarations of interest” in the published review.

Contributors

Vanitha A Jagannath
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Date Event Description

29 July 2019 Feedback has been incorporated We have replied to feedback from Alessandro Rasman

 

H I S T O R Y

Protocol first published: Issue 6, 2012
Review first published: Issue 12, 2012

 

Date Event Description

30 August 2018 New citation required and conclusions
have changed

Three new studies added. Conclusion changed. GRADE used to
assess the evidence.

30 August 2018 New search has been performed Full searches were performed for this review in August 2018. New
studies were identified for inclusion in the review.

 

C O N T R I B U T I O N S   O F   A U T H O R S

The trial search coordinator of the Cochrane MSRDCNS Group was responsible for running the search.

VAJ was responsible for organising the retrieval of papers, writing to authors of papers for additional information, screening search results,
screening retrieved papers against inclusion criteria, appraising the quality of papers, and obtaining and screening data on unpublished
studies.
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Cochrane Database of Systematic Reviews

GVA and VAJ were responsible for reviewing the studies and extracting outcome data, assessing risk of bias from the papers and entering
it into RevMan 5.

VAJ, GVA, and EP were responsible for writing the e%ects of intervention, analysis and interpretation of the data.

All review authors contributed to writing the review.

VAJ, GVA and EWR conceived the idea for the review and are the guarantors for the review.

VAJ and GVA updated the review.

D E C L A R A T I O N S   O F   I N T E R E S T

EP has received funds from a non-profit association, the "Associazione Marchigiana sclerosi multipla e altre malattie neurologiche"; this
association has received donations from Biogen Dompé, Merck-Serono and Bayer-Schering. In the period 2007 to 2012, EP also received
honoraria, reimbursement for attending congresses, and grant support for organising scientific activities from the above-mentioned drug
industries and from Aventis, UCB, Lundbeck and Novartis. The other review authors have no financial conflicts of interest and they do not
have any associations with any parties who may have vested interests in the results of this review. One of the authors (ER) has undergone
the procedure under consideration in this review.
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Internal sources

• No sources of support, Netherlands.

External sources

• No sources of support, Netherlands.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

There are no di%erences between the protocol and the review.
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