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ABSTRACT
Objectives  Numerous studies have indicated that chronic 
cerebrospinal venous insufficiency is a potential factor 
in causing multiple sclerosis in recent years, but this 
conclusion remains unconfirmed. This meta-analysis 
examined the correlation between multiple sclerosis and 
chronic cerebrospinal venous insufficiency.
Methods  We searched Embase and Medline (Ovid) 
for publications published from 1 January 2006 to 1 
May 2022. The meta-analysis was performed following 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses guidelines.
Results  Eligible studies (n=20) included 3069 participants 
from seven countries. Pooled analysis indicated that 
chronic cerebrospinal venous insufficiency was more 
frequent in patients with multiple sclerosis than in healthy 
controls (OR 3.36; 95% CI 1.92 to 5.85; p<0.001) with 
remarkable heterogeneity among studies (I2=79%). 
Results were more strongly correlated in subsequent 
sensitivity analyses, but heterogeneity was also more 
substantial. We removed studies that initially proposed a 
chronic cerebrospinal venous insufficiency team as well as 
studies by authors involved in or advocating endovascular 
therapies.
Conclusions  Chronic cerebrospinal venous insufficiency 
is significantly associated with multiple sclerosis and it 
is more prevalent in patients with multiple sclerosis than 
in healthy individuals, but considerable heterogeneity of 
results is still observed.

INTRODUCTION
Multiple sclerosis (MS) is an inflammatory 
condition of the central nervous system of 
unknown cause, and most findings suggest 
that the reason is autoimmune pathology.1 
Chronic cerebrospinal venous insufficiency 
(CCSVI) is a syndrome characterised by 
multiple stenosis or obstruction of intracra-
nial and extracranial veins, which results in 
inadequate cerebral venous drainage.2 In 
2008, Zamboni et al suggested that CCSVI 
could potentially cause MS.3 This hypothesis 
assumed that multiple stenoses or obstruc-
tions of the veins, which in turn affect the 

extracranial outflow channels of the cerebral 
venous system (internal jugular and azygous 
veins), eventually lead to an increase in intra-
cranial pressure, followed by blood–brain 
barrier rupture, local iron deposition and 
triggering of the inflammatory chain in MS.4–7 
This abnormal venous drainage can be diag-
nosed by Doppler ultrasound, MRI, cerebral 
perfusion studies and catheter venography. 
However, the so-called Zamboni criterion is 
the most widely used detection mode, and 
the operation is non-invasive. Zamboni et 
al defined five ultrasound criteria for diag-
nosing CCSVI by transcranial and extracra-
nial echo colour Doppler in a study, which 
revealed that patients had CCSVI when two or 
more abnormal ultrasound parameters were 
observed.4 5 These five ultrasound parameter 
criteria include (1) reflux in the internal 
jugular and/or vertebral veins in the supine 
and sitting positions; (2) reflux in the deep 
cerebral veins; (3) high-resolution B-mode 
evidence of internal jugular vein stenoses; (4) 
flow is not Doppler detectable in the internal 
jugular and/or vertebral veins; (5) reverted 
postural control of the main cerebral venous 
outflow route measured in internal jugular 
veins.

Since then, most investigators have used this 
criterion to diagnose patients with CCSVI, but 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ A comprehensive analysis of the correlation be-
tween chronic cerebrospinal venous insufficiency 
and multiple sclerosis was performed.

	⇒ The reasons for the close association between 
chronic cerebrospinal venous insufficiency and mul-
tiple sclerosis by means of sensitivity analysis and 
subgroup analysis were explored.

	⇒ Further complements previous studies of this type to 
provide structured guidance for subsequent clinical 
trials.
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the evaluation results of the correlation between CCSVI 
and MS were inconsistent across studies. Coupled with 
the fact that despite the availability of neuroimaging tech-
niques such as magnetic resonance venogram8 or selec-
tive venography9 to assess abnormal central system venous 
drainage, the pathogenic role of CCSVI in MS remains 
unproven. In addition, the possibility of CCSVI therapy 
has been a topic of conversation, including intravenous 
percutaneous transluminal angioplasty (termed ‘libera-
tion treatment’) proposed by Zamboni et al.10 This treat-
ment has received widespread attention from patients 
with MS and scientific institutions worldwide.11 12 Still, 
there are articles reporting its potential adverse conse-
quences.13 Although the follow-up clinical trials showed 
that venous angioplasty was relatively safe, it did not play 
an ideal therapeutic effect for patients with MS.14–17 The 
lack of sufficient proof that CCSVI is connected to MS has 
called into question the idea of intravenous percutaneous 
transluminal angioplasty, especially given the various 
research results and associated negative side effects.

To evaluate whether CCSVI was connected with MS 
and whether its frequency varied between patients with 
MS and healthy controls, this study did a thorough meta-
analysis by pooling studies on the connection of CCSVI 
with MS. Furthermore, sensitivity analyses were used to 
investigate potential explanations for heterogeneity.

MATERIALS AND METHODS
Literature search
This meta-analysis was based on the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses reporting 
guidelines.18 The specific PROSPERO protocol process 
is placed in the online supplemental file 2. Two authors 
independently searched the Medline versus Embase data-
bases using the Ovid portal, with search dates adjusted 
from 1 January 2006 to 1 May 2022. Disagreements 
between the two authors’ searches were resolved by a 
third-party reviewer. The complete search strategy for this 
study can be found in the online supplemental appendix 
1. Search terms included: “Multiple Sclerosis” and “Ultra-
sound”. The search findings were restricted to English-
language articles and human studies. Following that, we 
critically reviewed all publications that fit these parame-
ters and conducted manual searches of their references 
and citations of relevant reviews to search for research 
outside the database. If data were missing or erroneous, 
the researchers contacted the author again.

Eligibility
The inclusion criteria were as follows: (1) English 
language, (2) use of Doppler ultrasound to detect CCSVI, 
(3) neurological testing criteria used to identify CCSVI, 
(4) inclusion of at least one control group and (5) 
blinding of study.

Exclusion criteria were: (1) no raw data or incomplete 
data, (2) overlapping data (the study with the complete 
data chosen for the series of the same author and pattern), 

(3) literature of too low quality or literature not available 
in full text, and (4) less than 10 cases or control subjects.

After deleting duplicates, two researchers inde-
pendently read the titles and abstracts of all identified 
papers, read the full-text versions, compared the results 
and resolved discrepancies by a consensus.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

Data extraction
Two authors extracted data and entered them into a stan-
dardised collection form, independently reviewed and 
confirmed by a third author. The extracted data were as 
follows: first author, country, publication date, sample 
size, demographic characteristics of participants (age vs 
percentage female) and study characteristics of patients 
(disease duration, percentage treated and Expanded 
Disability Status Scale). For some of the missing data, the 
researchers were also active in obtaining them from the 
article’s authors via email.

Quality assessment
All 20 studies used the Newcastle–Ottawa Quality Assess-
ment Scale to assess the risk of bias.19 The scale is based on 
case–control studies and consists of three domains: selec-
tion, comparability and exposure, with quality ratings 
ranging from 0 to 9. Four study items are in the selection 
domain, each given a maximum of one star. Three study 
items are in the exposure category, each given at least one 
star. For comparability, only one item is included, and a 
maximum of two stars is presented. We consider this high-
quality literature with low bias if at least seven stars are 
awarded.

Statistical analyses
STATA V.17.0 (STATA, College Station, Texas, USA) was 
used to conduct the meta-analysis by the researchers. 
One investigator entered the detailed data into the 
software. Another investigator reviewed the data for 
accuracy, generating forest plots and OR to determine 
whether there was a statistical relevance between CCSVI 
and MS. We used either a random-effects or fixed-effects 
model for the meta-analysis. A random-effects model was 
selected if the results showed significant heterogeneity 
(I2>50%). An OR greater than 1.0 in the results indi-
cated that CCSVI could be a potential risk factor for MS. 
P values of <0.05 were considered statistically significant. 
The origins of heterogeneity in the included studies were 
examined using Cochran’s Q and I2 statistics. I2 values 
of 50%–90% represent substantial heterogeneity, while 
at least 75% represent considerable heterogeneity.20 By 
the Cochrane Review Manager version 5.4.1. for publica-
tion bias was assessed using Egger’s test (p<0.05 indicates 
significant publication bias). If the results indicated the 
presence of publication bias, the fill-and-trim methods 
were used to detect publication bias. To determine the 
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effect of individual studies in the article on the experi-
mental results, the researchers used a sensitivity anal-
ysis by excluding individual studies. In addition, we 
used subgroup analysis to further look for sources of 
heterogeneity.

RESULTS
Included studies
The selection process of the study is shown in figure 1. 
During the initial search, 2544 studies were located, 
with 1910 records from the Embase database, 634 from 
the Medline database and no additional records. After 
removing 468 duplicate studies, 2076 publications were 
included in the title and abstract screening, and 58 were 
selected for full-text filtering. After full-text screening and 
checking, 38 of these articles were excluded: 10 examined 
irrelevant focus, 18 assessed veins in other ways, 1 without 
a control group, 5 did not use blinding, 1 used duplicate 
data, 2 used overlapping and 1 had incomplete experi-
mental data. Ultimately, 20 studies5 21–39 met the eligibility 
criteria (figure 1).

Study characteristics
Of the currently incorporated studies, 11 were conducted 
in Italy, 3 in the USA, 2 in Germany, 1 in Canada, 1 in 
Denmark, 1 in the Netherlands and 1 in Turkey (table 1). 
It is noteworthy that the included studies were conducted 
in Europe or North America. This study included healthy 

controls (table 1). All the studies used Doppler ultraso-
nography to detect CCSVI. Two studies27 33 did not report 
an assessment of the five ultrasound parameters of the 
CCSVI, and three studies29 32 34 reported only four esti-
mates because the investigators were unable to perform 
the full five-item neurological protocol. Although eight 
papers covered ultrasound technology training, they did 
not describe in detail the procedures and quality of the 
training (table  1). Four ultrasound investigators5 21 28 39 
have participated in CCSVI endovascular treatment clin-
ical trials or studies supporting liberation procedures.

In terms of blinding, 8 reports explained the blinding 
poorly but described the process more entirely in 12 
studies, expressed it well in 2 of them and reported 
success with blinding (table  1). Five studies21 24 28 30 35 
described intraobserver variability. Nevertheless, only four 
studies21 24 30 35 described good intraobserver and interob-
server reliability in a run-in period. The experimental 
group in five studies was not age and gender matched 
to the control group (see online supplemental table 1). 
Eleven studies did not clearly describe how patients were 
identified for registration, and nine identified patients in 
a consecutive sample (table 1). In the study by Zamboni 
et al, there was also no separate discussion about the 
outcome in healthy individuals.5

Regarding the disease type of MS, relapsing-remitting 
MS was still dominant, with primary progressive MS and 
secondary progressive MS in second place (see online 
supplemental table 2). Six studies reported clinically 
isolated syndromes in patients, and all patients with MS had 
clinically isolated syndrome in the survey by Baracchini 
et al38 (see online supplemental table 2). Furthermore, 
most patients received varying degrees of treatment, with 
acceptance rates ranging from 28% to 90% (see online 
supplemental table 2). Females were more prevalent in 
the experimental groups than in the control groups, 
with percentages ranging from 16.7% to 82.1% in the 
experimental groups and 36.4% to 75.0% in the control 
groups. Online supplemental table 2 summarises the data 
for patients with MS for age, the proportion of females, 
duration of disease and Expanded Disability Status Scale 
scores. These data are typical of patients with MS.

Risk of quality assessment
All 20 studies were included in the Newcastle–Ottawa 
Quality Assessment Scale, and all had a good quality 
rating result. Fifteen studies had a quality rating of greater 
than or equal to seven and were considered high-quality 
studies.22 23 25 26 28–32 34–39 None of the incorporated studies 
were categorised as low quality with a high risk of bias 
assessment (see online supplemental table 3).

Pooling of studies
In further studies, figure  2 presents the meta-analysis 
results of the association of CCSVI with MS and the 
incidence of CCSVI in MS versus healthy controls. 
Twenty studies reported the incidence of CCSVI, with a 
significant difference in the incidence of CCSVI in MS 

Figure 1  Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses flow chart of the literature search and 
study selection.
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Table 1  The characteristics of meta-analysis study on the incidence of chronic cerebrospinal venous insufficiency in patients 
with multiple sclerosis (MS) and controls

Study Country

MS 
cases 
(n)

Controls 
(n) Blinding

Receive 
appropriate 
training in 
ultrasound 
operation

Involved in 
‘liberation 
procedure’

The way 
patients were 
identified for 
enrolment

Zivadinov et 
al21

USA 289 163 Describes the process of blinding, 
but does not demonstrate whether 
it was achieved

Yes Yes Convenience

Tromba et 
al23

Italy 112 67 Describes the process of blinding, 
but does not demonstrate whether 
it was achieved

No No Consecutively

Leone et al28 Italy 68 68 The process of blinding is described 
and has been achieved

Yes Yes Consecutively

Cardaioli et 
al34

Italy 39 18 Described as blind only, but 
the process is not described or 
confirmed as blind

No No Consecutively

Imperiale et 
al30

Italy 80 41 The process of blinding is described 
and has been achieved

Yes No Consecutively

Mayer et al25 Germany 20 20 Describes the process of blinding, 
but does not demonstrate whether 
it was achieved

No No Convenience

Baracchini 
et al37

Italy 60 60 Describes the process of blinding, 
but does not demonstrate whether 
it was achieved

No No Consecutively

Costello et 
al32

Canada 120 60 Described as blind only, but 
the process is not described or 
confirmed as blind

No No Consecutively

Van den 
Berg et al22

Netherlands 90 41 Described as blind only, but 
the process is not described or 
confirmed as blind

Yes No Convenience

Patti et al24 Germany 148 172 Describes the process of blinding, 
but does not demonstrate whether 
it was achieved

Yes No Convenience

Baracchini 
et al38

Italy 50 110 Described as blind only, but 
the process is not described or 
confirmed as blind

No No Consecutively

Gandhi et 
al31

USA 90 38 Describes the process of blinding, 
but does not demonstrate whether 
it was achieved

No No Consecutively

Centonze et 
al33

Italy 84 56 Describes the process of blinding, 
but does not demonstrate whether 
it was achieved

Yes No Convenience

Zamboni et 
al5

Italy 109 132 Described as blind only, but 
the process is not described or 
confirmed as blind

Yes Yes Convenience

Mancini et 
al27

Italy 103 42 Described as blind only, but 
the process is not described or 
confirmed as blind

No No Convenience

Marder et 
al26

USA 18 11 Described as blind only, but 
the process is not described or 
confirmed as blind

No No Convenience

Kantarci et 
al29

Turkey 62 54 Describes the process of blinding, 
but does not demonstrate whether 
it was achieved

No No Convenience

Continued
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compared with healthy controls. In Zamboni et al’s study, 
three studies had an incidence of 0, reaching 100%.25 26 36 
There remained a wide variation in the strength of the 
association between CCSVI and MS. More specifically, the 
ORs ranged from 0.32 (95% CI: 0.01 to 8.26) in Mayer et 
al’s study to 58 035.00 (95% CI: 1142.20 to 2948755.78) in 
Zamboni et al’s research. According to the pooled anal-
ysis, CCSVI and MS were remarkably correlated (OR 3.36; 

95% CI: 1.92 to 5.85; p<0.001). However, there was exten-
sive heterogeneity among the studies (I2=79%).

Publication bias
The Egger’s test was employed to analyse publication 
bias, and its results showed no significant publication bias 
(t=1.22, p=0.241). Therefore, there is no need to use the 
fill-and-trim methods for further analysis.

Study Country

MS 
cases 
(n)

Controls 
(n) Blinding

Receive 
appropriate 
training in 
ultrasound 
operation

Involved in 
‘liberation 
procedure’

The way 
patients were 
identified for 
enrolment

Blinkenberg 
et al36

Denmark 24 15 Described as blind only, but 
the process is not described or 
confirmed as blind

No No Convenience

Caprio et 
al35

Italy 78 28 Describes the process of blinding, 
but does not demonstrate whether 
it was achieved

Yes No Convenience

Amato et 
al39

Italy 15 16 Describes the process of blinding, 
but does not demonstrate whether 
it was achieved

No No Consecutively

n, number.

Table 1  Continued

Figure 2  Meta-analysis of the probability of chronic cerebrospinal venous insufficiency in patients with multiple sclerosis 
versus healthy controls.
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Sensitivity analyses
The sensitivity analysis results demonstrated that the 
combined effect sizes were not affected by the effects of 
any single study, suggesting good stability of the meta-
analysis results (see online supplemental appendix 3).

Subgroup analysis
Since Zamboni et al were overly aggressive in their studies 
on CCSVI (n=11), additional subgroup analyses were 
performed by removing studies about Zamboni’s team 
and those that had previously been conducted with 
that team (n=7). Although patients with MS had CCSVI 
at a higher rate than controls, the correlation between 
CCSVI and MS was diminished (OR 2.83; 95% CI: 1.46 
to 5.48, p<0.05; figure 3) and remained strongly hetero-
geneous (I2=56%). On the other hand, the correlation 
between the two was stronger (OR 4.11; 95% CI: 1.62 to 
10.39, p<0.001; figure 3), and the heterogeneity was more 
pronounced in the seven excluded studies (I2=89.4%).

In the following sensitivity analysis, considering the 
potential conflicts of interest between the studies, we 
deleted articles by authors involved in CCSVI endo-
vascular treatment clinical trials or studies supporting 
liberation procedures (n=4). There was no substantial 
change in outcome, a diminished correlation (OR 2.87; 
95% CI: 1.82 to 4.52; p<0.05; figure 4), and heterogeneity 
remained significant (I2=54.4%). In contrast, a more 

significant correlation was obtained for those studies 
assessed in support of liberation therapy authors (OR 
17.05; 95% CI: 1.27 to 229.53; p<0.0001; figure 4), along 
with more significant heterogeneity (I2=96.1%).

DISCUSSION
This meta-analysis revealed a statistically significant rela-
tionship between CCSVI and MS and a wide range of 
heterogeneity. In a subsequent sensitivity analysis, the 
results showed that the combined effect size was not 
affected by any single study. We also performed subgroup 
analyses to seek sources of heterogeneity, but none of the 
results were satisfactory.

The meta-analysis also found that patients with MS had 
a higher prevalence of CCSVI than healthy groups, but 
it varied considerably across studies. On the other hand, 
however, we could not confirm what factors led to the 
significant differences in incidence between the studies. 
One of these possibilities is the ultrasound detection 
aspect. Many studies have shown that the quality level 
of Doppler ultrasound for diagnosing CCSVI depends 
on the operator and that trained operators perform 
better in reproducibility.40 41 This imaging technique is 
more difficult when testing veins at low-pressure flow, 
and the dehydrated state of the subject42 and head rota-
tion43 contribute to the poor quality of the results. Of all 

Figure 3  Subgroup analysis of the diagnosis of chronic cerebrospinal venous insufficiency in patients with multiple sclerosis 
versus healthy controls. Studies by the Zamboni group or group authors who have collaborated with Zamboni were removed 
(upper panel); studies by the Zamboni group or group authors who have collaborated with Zamboni (lower panel).
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included studies, only eight articles had relevant operator 
training.5 21 22 24 28 30 33 35 For consistency of operation, 
performance was equally poor, where only five included 
studies were evaluated21 24 28 30 35 and four showed good 
agreement.21 24 30 35 These data further suggest that the 
reproducibility of CCSVI diagnostics requires additional 
studies while emphasising the importance of relevant 
operator training in the skills.

Ultrasound detection of the intracranial cerebral 
venous system is the most challenging part. On the one 
hand, the cerebral vein detection procedure is complex 
and usually studied through a transcranial approach, 
taking either a temporal window or a transoccipital 
approach.44 45 Although both provide better information 
on blood flow, detecting venous abnormalities is difficult. 
Due to the skull, the intracranial veins are not regulated 
by the respiratory pump as the extracranial veins usually 
are.46 Furthermore, 17 of the surveyed studies conducted 
transcranial testing,5 21–28 30 31 33 35–39 8 employed a 
transtemporal window,5 22 25 30 36–39 while the other 2 used 
a transtemporal and transoccipital approach23 26 without 
detailing the modality used for the remaining. On the 
other hand, all included studies were performed in the 
context of a potential association between multiple scle-
rosis and CCSVI. However, when examined from an objec-
tive perspective, it seems more accurate to test the validity 
of a test versus a test using an established gold standard 

rather than focusing on the presence or absence of MS.47 
This suggests that the five neurological tests proposed by 
Zamboni et al are questionable, such as vascular stenosis, 
internal jugular vein cross-sectional area differences or 
reflux which are challenging to detect objectively by these 
criteria.40 Therefore, the relationship between CCSVI 
and MS still needs more studies and uniform standards 
to be validated.

In addition, MRI, catheter venography and intravas-
cular ultrasound are noteworthy in detecting the true 
prevalence of CCSVI, although the latter two are invasive 
procedures. The International Society for Neurovascular 
Disease has recommended a multimodality combina-
tion of invasive and non-invasive testing for extracranial 
venous anomalies to achieve optimal detection in patients 
of interest. Specifically, at least one invasive detection 
technique and at least one non-invasive detection tech-
nique should be used.48

Although CCSVI is thought to be associated with cere-
bral venous abnormalities, the aetiology of cerebral 
venous abnormalities and the possible pathophysiolog-
ical link to MS and other neurological disorders remain 
unclear. Several studies have suggested that, in the setting 
of venous flow abnormalities, this potential association is 
related to the accumulation of leucocytes in the vascula-
ture.49 50

Figure 4  Subgroup analysis of the diagnosis of chronic cerebrospinal venous insufficiency in patients with multiple sclerosis 
versus healthy controls. Studies participating in or supporting emancipation therapy were removed (upper panel); studies 
participating in or supporting emancipation therapy (lower panel).
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Interestingly, this study contradicts a previous meta-
analysis51 that showed reduced heterogeneity after 
removing publications related to the liberation proce-
dures (I2=37.3%). In contrast, considerable heteroge-
neity was still observed after the same manipulation in 
this paper (I2=54.4%), which may be due to inconsis-
tent inclusion criteria for both studies. Although both 
included studies used neurological criteria, Tsivgoulis et 
al51 included non-blinded studies as well as reports from 
experimental groups with fewer than 10 cases, leading 
to a final inclusion of demographics varying widely and 
inconsistent sensitivity analysis results. On the other hand, 
prior to the writing of this article, four meta-analyses had 
discussed the association between CCSVI and MS, but 
only one had reached a definitive conclusion. We need to 
be aware that the conclusions of previous meta-analyses 
influence the methodology and even the results of subse-
quent clinical trials, which then accumulate to trigger 
accumulation bias.52 Overly optimistic initial studies 
or meta-analyses can inspire additional studies, while 
disappointing results can bring a series of studies to an 
end. Although we attempted to attenuate the effect of 
prior studies in our subgroup analysis (removing studies 
from the Zamboni-related teams), the final results were 
similar to the initial results. Attempts to eliminate such 
biases seem unrealistic because new research is continu-
ally inspired by previous research and may trigger more 
unnecessary research waste in the process of elimination. 
Although bias elimination is unavoidable, meaningful 
error control can be performed. One study has shown 
that the likelihood ratio is a valid test.52 In future clinical 
trials or meta-analyses, researchers should be aware of the 
accumulation bias of previous studies.

LIMITATION
The current meta-analysis has some limitations that must 
be taken into account. First, we searched only two data-
bases in this analysis; a lack of access to more databases 
and a lack of high-quality literature limited our further 
analysis. Second, some of the included studies had infe-
rior descriptions of blinding and limited descriptions 
of ultrasonography, so we could not explore whether 
inconsistencies in blinding or differences in ultrasound 
protocols between studies contributed to the heteroge-
neity in the studies. Furthermore, six studies5 21 24 30 38 39 
also included groups without MS with other neurological 
disorders. In the current study, we included only healthy 
controls. We did not acquire the data of the individuals in 
the study, and there were considerable age and sex differ-
ences between the studies, coupled with the fact that five 
reports did not have controls of the same age and sex as 
the patients with MS, so it was impossible to determine 
whether demographic factors influenced the morbidity 
of CCSVI in controls and patients with MS. More criti-
cally, the topic of CCSVI versus MS remains controversial. 
Studies may be published regardless of the examina-
tion method or whether they are positively or negatively 

evaluated. Finally, the inconsistent diagnostic criteria for 
screening patients with MS across studies and the lack of 
reliable evidence in the text to determine the diagnosis of 
subjects made it impossible to judge the accuracy of the 
experimental versus control groups.

CONCLUSIONS
In summary, the present meta-analysis exhibited a strong 
correlation between CCSVI and MS, while CCSVI was 
more likely to occur in patients with MS than in healthy 
controls. CCSVI may be a potential risk factor for MS. 
Nevertheless, the heterogeneity was highly significant 
that we cannot draw clear conclusions. Future studies of 
higher quality, especially in terms of blinded quality and 
reproducibility of ultrasound diagnosis, are still needed 
to derive a deeper discussion of the association of CCSVI 
with MS.

Acknowledgements  We are very grateful to Chole Fu and Dr Liu for their support 
and assistance in this study.

Contributors  JY was the first author. NZ received funding. TO and JY designed 
the study. WM and ML collected the data. XH participated in data verification. 
CD analysed the data. JY drafted the manuscript. TO and NZ participated in the 
interpretation of the results and critical revision of important intellectual content of 
the manuscript and approved the final version of the manuscript. All authors have 
read and approved the final manuscript. WM and ML were the guarantors of the 
study.

Funding  This study was supported by grants from the National Natural Science 
Foundation of China (81960247).

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not required.

Ethics approval  This study does not involve human participants; thus, ethical 
approval was not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. All 
data in this article were available from included studies and were provided by the 
authors without reservation.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Jun Yang http://orcid.org/0000-0001-5594-6133

REFERENCES
	 1	 Baecher-Allan C, Kaskow BJ, Weiner HL. Multiple sclerosis: 

mechanisms and Immunotherapy. Neuron 2018;97:742–68. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
28 Ju

n
e 2023. 

10.1136/b
m

jo
p

en
-2023-072319 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5594-6133
http://dx.doi.org/10.1016/j.neuron.2018.01.021
http://bmjopen.bmj.com/


9Yang J, et al. BMJ Open 2023;13:e072319. doi:10.1136/bmjopen-2023-072319

Open access

	 2	 Zamboni P, Consorti G, Galeotti R, et al. Venous collateral circulation 
of the Extracranial cerebrospinal outflow routes. Curr Neurovasc Res 
2009;6:204–12. 

	 3	 Zamboni P, Menegatti E, Weinstock-Guttman B, et al. Chronic 
cerebrospinal venous insufficiency is related to inverted and 
decreased cerebrospinal fluid flow and greater brain atrophy in 
patients with multiple sclerosis. Multiple Sclerosis 2009;15:S210.

	 4	 Zamboni P, Galeotti R, Menegatti E, et al. Chronic cerebrospinal 
venous insufficiency in patients with multiple sclerosis. J Neurol 
Neurosurg Psychiatry 2009;80:392–9. 

	 5	 Zamboni P, Menegatti E, Galeotti R, et al. The value of cerebral 
Doppler venous Haemodynamics in the assessment of multiple 
sclerosis. J Neurol Sci 2009;282:21–7. 

	 6	 Zamboni P, Menegatti E, Weinstock-Guttman B, et al. The severity of 
chronic cerebrospinal venous insufficiency in patients with multiple 
sclerosis is related to altered cerebrospinal fluid Dynamics. Funct 
Neurol 2009;24:133–8.

	 7	 Zamboni P. The big idea: iron-dependent inflammation in venous 
disease and proposed parallels in multiple sclerosis. J R Soc Med 
2006;99:589–93. 

	 8	 Wattjes MP, van Oosten BW, de Graaf WL, et al. No Association of 
abnormal cranial venous drainage with multiple sclerosis: a magnetic 
resonance Venography and flow-Quantification study. J Neurol 
Neurosurg Psychiatry 2011;82:429–35. 

	 9	 Hojnacki D, Zamboni P, Lopez-Soriano A, et al. Use of neck 
magnetic resonance Venography, Doppler Sonography and 
selective Venography for diagnosis of chronic cerebrospinal venous 
insufficiency: a pilot study in multiple sclerosis patients and healthy 
controls. Int Angiol 2010;29:127–39.

	10	 Zamboni P, Galeotti R, Menegatti E, et al. A prospective open-label 
study of Endovascular treatment of chronic cerebrospinal venous 
insufficiency. J Vasc Surg 2009;50:1348–58. 

	11	 Reekers JA, Lee MJ, Belli AM, et al. Cardiovascular and 
Interventional radiological society of Europe commentary on the 
treatment of chronic cerebrospinal venous insufficiency. Cardiovasc 
Intervent Radiol 2011;34:1–2. 

	12	 Chafe R, Born KB, Slutsky AS, et al. The rise of people power. Nature 
2011;472:410–1. 

	13	 Tsivgoulis G, Faissner S, Voumvourakis K, et al. Liberation treatment" 
for chronic cerebrospinal venous insufficiency in multiple sclerosis: 
the truth will set you free. Brain Behav 2015;5:3–12. 

	14	 Zamboni P, Tesio L, Galimberti S, et al. Efficacy and safety of 
Extracranial vein Angioplasty in multiple sclerosis: A randomized 
clinical trial. JAMA Neurol 2018;75:35–43. 

	15	 Napoli V, Berchiolli R, Carboncini MC, et al. Percutaneous venous 
Angioplasty in patients with multiple sclerosis and chronic 
cerebrospinal venous insufficiency: A randomized wait list control 
study. Ann Vasc Surg 2020;62:275–86. 

	16	 Siddiqui AH, Zivadinov R, Benedict RHB, et al. Prospective 
randomized trial of venous Angioplasty in MS (premise). Neurology 
2014;83:441–9. 

	17	 Traboulsee AL, Machan L, Girard JM, et al. Safety and efficacy of 
Venoplasty in MS: a randomized, double-blind, sham-controlled 
phase II trial. Neurology 2018;91:e1660–8. 

	18	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. 
Syst Rev 2021;10:89. 

	19	 Wells G, Shea B, O’Connell J. The Newcastle-Ottawa scale (NOS) for 
assessing the quality of Nonrandomised studies in meta-analyses. 
Ottawa Health Research Institute 2014;7.

	20	 Cochrane Handbook for systematic reviews of interventions version 
6.3. 2022. Available: www.training.cochrane.org/handbook

	21	 Zivadinov R, Marr K, Cutter G, et al. Prevalence, sensitivity, and 
specificity of chronic cerebrospinal venous insufficiency in MS. 
Neurology 2011;77:138–44. 

	22	 Van den Berg PJ, Van den Berg GB, Westerhuis LW, et al. 
Occurrence of CCSVI in patients with MS and its relationship with 
iron metabolism and Varicose veins. Eur J Neurol 2013;20:519–26. 

	23	 Tromba L, Blasi S, Vestri A, et al. Prevalence of chronic cerebrospinal 
venous insufficiency in multiple sclerosis: a blinded Sonographic 
evaluation. Phlebology 2015;30:52–60. 

	24	 Patti F, Nicoletti A, Leone C, et al. Multiple sclerosis and CCSVI: a 
population-based case control study. PLoS One 2012;7:e41227. 

	25	 Mayer CA, Pfeilschifter W, Lorenz MW, et al. The perfect crime? 
CCSVI not leaving a trace in MS. J Neurol Neurosurg Psychiatry 
2011;82:436–40. 

	26	 Marder E, Gupta P, Greenberg BM, et al. No cerebral or Cervical 
venous insufficiency in US veterans with multiple sclerosis. Arch 
Neurol 2011;68:1521–5. 

	27	 Mancini M, Morra VB, Di Donato O, et al. Multiple sclerosis: cerebral 
circulation time. Radiology 2012;262:947–55. 

	28	 Leone MA, Raymkulova O, Naldi P, et al. Chronic cerebrospinal 
venous insufficiency is not associated with multiple sclerosis and its 
severity: a blind-verified study. PLoS One 2013;8:e56031. 

	29	 Kantarci F, Albayram S, Demirci NO, et al. Chronic cerebrospinal 
venous insufficiency: does ultrasound really distinguish multiple 
sclerosis subjects from healthy controls Eur Radiol 2012;22:970–9. 

	30	 Imperiale D, Melis F, Giaccone C, et al. Chronic cerebrospinal venous 
insufficiency in multiple sclerosis: a Sonographer-blinded case-
control study. Clin Neurol Neurosurg 2013;115:1394–8. 

	31	 Gandhi S, Marr K, Mancini M, et al. No association between 
variations in Extracranial venous anatomy and clinical outcomes in 
multiple sclerosis patients over 5 years. BMC Neurol 2019;19:121. 

	32	 Costello F, Modi J, Lautner D, et al. Validity of the diagnostic criteria 
for chronic cerebrospinal venous insufficiency and association with 
multiple sclerosis. CMAJ 2014;186:E418–26. 

	33	 Centonze D, Floris R, Stefanini M, et al. Proposed chronic 
cerebrospinal venous insufficiency criteria do not predict multiple 
sclerosis risk or severity. Ann Neurol 2011;70:51–8. 

	34	 Cardaioli G, Di Filippo M, Bianchi A, et al. Extracranial venous 
drainage pattern in multiple sclerosis and healthy controls: 
application of the 2011 diagnostic criteria for chronic cerebrospinal 
venous insufficiency. Eur Neurol 2016;76:62–8. 

	35	 Caprio MG, Marr K, Gandhi S, et al. Centralized and local color 
Doppler ultrasound reading agreement for diagnosis of the chronic 
cerebrospinal venous insufficiency in patients with multiple sclerosis. 
Curr Neurovasc Res 2017;14:266–73. 

	36	 Blinkenberg M, Akeson P, Sillesen H, et al. Chronic cerebrospinal 
venous insufficiency and venous stenoses in multiple sclerosis. Acta 
Neurol Scand 2012;126:421–7. 

	37	 Baracchini C, Perini P, Causin F, et al. Progressive multiple sclerosis 
is not associated with chronic cerebrospinal venous insufficiency. 
Neurology 2011;77:844–50. 

	38	 Baracchini C, Perini P, Calabrese M, et al. No evidence of chronic 
cerebrospinal venous insufficiency at multiple sclerosis onset. Ann 
Neurol 2011;69:90–9. 

	39	 Amato M, Saia V, Hakiki B, et al. No association between chronic 
cerebrospinal venous insufficiency and pediatric-onset multiple 
sclerosis. multiple sclerosis (Houndmills. Mult Scler 2012;18:1791–6. 

	40	 Simka M. Chronic cerebrospinal venous insufficiency: Current 
perspectives. JVD 2014;2:1. 

	41	 Menegatti E, Genova V, Tessari M, et al. The reproducibility of colour 
Doppler in chronic cerebrospinal venous insufficiency associated 
with multiple sclerosis. Int Angiol 2010;29:121–6.

	42	 Diaconu CI, Fox RJ, Grattan A, et al. Hydration status substantially 
affects chronic cerebrospinal venous insufficiency assessments. 
Neurol Clin Pract 2013;3:386–91. 

	43	 Farina M, Novelli E, Pagani R. Cross-sectional area variations 
of internal jugular veins during supine head rotation in multiple 
sclerosis patients with chronic cerebrospinal venous insufficiency: 
a prospective diagnostic controlled study with duplex ultrasound 
investigation. BMC Neurol 2013;13:162. 

	44	 Baumgartner RW, Nirkko AC, Müri RM, et al. Transoccipital power-
based color-coded duplex Sonography of cerebral sinuses and 
veins. Stroke 1997;28:1319–23. 

	45	 Baumgartner RW, Gönner F, Arnold M, et al. Transtemporal Power- 
and frequency-based color-coded duplex Sonography of cerebral 
veins and sinuses. AJNR Am J Neuroradiol 1997;18:1771–81.

	46	 Zamboni P, Menegatti E, Pomidori L, et al. Does Thoracic pump 
influence the cerebral venous return Journal of Applied Physiology 
2012;112:904–10. 

	47	 Simka M, Ludyga T, Latacz P, et al. Diagnostic accuracy of current 
Sonographic criteria for the detection of outflow abnormalities in the 
internal jugular veins. Phlebology 2013;28:285–92. 

	48	 Zivadinov R, Bastianello S, Dake MD, et al. Recommendations 
for Multimodal noninvasive and invasive screening for detection 
of Extracranial venous abnormalities indicative of chronic 
cerebrospinal venous insufficiency: a position statement of the 
International society for neurovascular disease. J Vasc Interv Radiol 
2014;25:1785–94. 

	49	 Beggs CB. Venous hemodynamics in neurological disorders: 
an Analytical review with Hydrodynamic analysis. BMC Med 
2013;11:142. 

	50	 Dake MD, Zivadinov R, Haacke EM. Chronic cerebrospinal venous 
insufficiency in multiple sclerosis: a historical perspective. Funct 
Neurol 2011;26:181–95.

	51	 Tsivgoulis G, Sergentanis TN, Chan A, et al. Chronic cerebrospinal 
venous insufficiency and multiple sclerosis: A comprehensive 
meta-analysis of case-control studies. Ther Adv Neurol Disord 
2014;7:114–36. 

	52	 Ter Schure J, Grünwald P. Accumulation bias in meta-analysis: the 
need to consider time in error control. F1000Res 2019;8:962. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
28 Ju

n
e 2023. 

10.1136/b
m

jo
p

en
-2023-072319 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://dx.doi.org/10.2174/156720209788970054
http://dx.doi.org/10.1136/jnnp.2008.157164
http://dx.doi.org/10.1136/jnnp.2008.157164
http://dx.doi.org/10.1016/j.jns.2008.11.027
http://dx.doi.org/20018140
http://dx.doi.org/20018140
http://dx.doi.org/10.1177/014107680609901122
http://dx.doi.org/10.1136/jnnp.2010.223479
http://dx.doi.org/10.1136/jnnp.2010.223479
http://dx.doi.org/20351669
http://dx.doi.org/10.1016/j.jvs.2009.07.096
http://dx.doi.org/10.1007/s00270-010-0050-5
http://dx.doi.org/10.1007/s00270-010-0050-5
http://dx.doi.org/10.1038/472410a
http://dx.doi.org/10.1002/brb3.297
http://dx.doi.org/10.1001/jamaneurol.2017.3825
http://dx.doi.org/10.1016/j.avsg.2019.05.018
http://dx.doi.org/10.1212/WNL.0000000000000638
http://dx.doi.org/10.1212/WNL.0000000000006423
http://dx.doi.org/10.1186/s13643-021-01626-4
www.training.cochrane.org/handbook
http://dx.doi.org/10.1212/WNL.0b013e318212a901
http://dx.doi.org/10.1111/ene.12010
http://dx.doi.org/10.1177/0268355513512823
http://dx.doi.org/10.1371/journal.pone.0041227
http://dx.doi.org/10.1136/jnnp.2010.231613
http://dx.doi.org/10.1001/archneurol.2011.185
http://dx.doi.org/10.1001/archneurol.2011.185
http://dx.doi.org/10.1148/radiol.11111239
http://dx.doi.org/10.1371/journal.pone.0056031
http://dx.doi.org/10.1007/s00330-011-2338-5
http://dx.doi.org/10.1016/j.clineuro.2013.01.003
http://dx.doi.org/10.1186/s12883-019-1350-2
http://dx.doi.org/10.1503/cmaj.131431
http://dx.doi.org/10.1002/ana.22436
http://dx.doi.org/10.1159/000445540
http://dx.doi.org/10.2174/1567202614666170718095203
http://dx.doi.org/10.1111/j.1600-0404.2012.01671.x
http://dx.doi.org/10.1111/j.1600-0404.2012.01671.x
http://dx.doi.org/10.1212/WNL.0b013e31822c6208
http://dx.doi.org/10.1002/ana.22228
http://dx.doi.org/10.1002/ana.22228
http://dx.doi.org/10.1177/1352458512445943
http://dx.doi.org/10.2147/JVD.S47384
http://dx.doi.org/20351668
http://dx.doi.org/10.1212/CPJ.0b013e3182a78f15
http://dx.doi.org/10.1186/1471-2377-13-162
http://dx.doi.org/10.1161/01.str.28.7.1319
http://dx.doi.org/9367330
http://dx.doi.org/10.1152/japplphysiol.00712.2011
http://dx.doi.org/10.1258/phleb.2012.011125
http://dx.doi.org/10.1016/j.jvir.2014.07.024
http://dx.doi.org/10.1186/1741-7015-11-142
http://dx.doi.org/22364939
http://dx.doi.org/22364939
http://dx.doi.org/10.1177/1756285613499425
http://dx.doi.org/10.12688/f1000research.19375.1
http://bmjopen.bmj.com/

	Association between chronic cerebrospinal venous insufficiency and multiple sclerosis: a systematic review and meta-­analysis
	Abstract
	Introduction﻿﻿
	Materials and methods
	Literature search
	Eligibility
	Patient and public involvement
	Data extraction
	Quality assessment
	Statistical analyses

	Results
	Included studies
	Study characteristics
	Risk of quality assessment
	Pooling of studies
	Publication bias
	Sensitivity analyses
	Subgroup analysis

	Discussion
	Limitation
	Conclusions
	References


