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Abstract
Background  The central vein sign (CVS) is a promising imaging marker of multiple sclerosis (MS). We performed a sys-
tematic review and meta-analysis to evaluate the diagnostic accuracy of CVS-based rules in the differential diagnosis of MS 
and to identify the best cutoffs for these rules.
Methods  PubMed, Embase, and Scopus were systematically searched for available evidence. Data extracted were entered 
into Bayesian models recommended by the Cochrane network. Summary sensitivity and specificity of CVS-based diagnostic 
rules across different positivity thresholds were calculated. A meta-regression for the role of gadolinium-based MRI proto-
cols was also performed.
Results  3434 patients from 28 studies were included. Three CVS-based diagnostic rules were found: the first one considers 
the percentage of CVS + lesions (relative threshold method), the second one the presence of CVS in a given number of lesions 
selected in T2 sequences (select-n method), and the third one the presence of a given number of CVS + lesions in gradient-
echo sequences (select-n* method). For relative threshold method, the best cutoff was 37.5% (sensitivity 97.3%, 95%CI 
90.9–99.6%; specificity 90.4%, 95%CI 83.2–95.9%; Youden index 0.877); for select-n* method, 4 was the best threshold 
(sensitivity 87.1%, 95%CI 66.9–96.6%; specificity 88.2%, 95%CI 65.1–98.1%; Youden index 0.753). Use of gadolinium-
based MRI protocols was irrelevant (for relative threshold method RDOR = 6.62, 95%CI 0.68–71.27; for select-n* method 
RDOR = 2.52, 95%CI 0.35–15.36).
Conclusions  Relative threshold and select-n* methods are good predictors of MS diagnosis. This synthesis should support 
the use of CVS in clinical practice and prompt further research.
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Introduction

Multiple sclerosis (MS) is the most common autoim-
mune disorder of the central nervous system (CNS) and 
the paradigm of demyelinating diseases. MS diagnosis is 
based on clinical history and findings, supported by labora-
tory and magnetic resonance imaging (MRI) data [1]. The 

canonical approach in MRI studies oriented to MS is based 
on the acquisition of T2-weighted and gadolinium-enhanced 
images; however, the need to improve sensitivity and speci-
ficity of diagnosis has led the search for new imaging mark-
ers. Among them, one of the most studied markers has been 
the central vein sign (CVS), i.e., the visualization of a vein 
at the center of an MS plaque on MRI, as it can be observed 
in gradient-echo (GRE) sequences like T2*, FLAIR*, or 
susceptibility-weighted imaging (SWI) [2, 3]. Interest in 
CVS has been growing in recent years, and in 2015 the 
North American Imaging in Multiple Sclerosis (NAIMS) 
Cooperative Group developed a set of criteria to define CVS 
[4]. The CVS, a radiological counterpart of the perivenular 
distribution of MS lesions in pathological specimens [5, 6], 
has been included in the 2024 McDonald diagnostic crite-
ria for MS [7]. Considering these recent developments, we 
undertook a systematic review and meta-analysis to provide 
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a comprehensive summary of available knowledge on this 
topic.

Methods

We performed a systematic review and meta-analysis, 
adhering to the Cochrane Handbook for Systematic 
Reviews of Diagnostic Test Accuracy [8], and reported 
our findings according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [9, 10]. Our review was registered on the 
International Prospective Register of Systematic Reviews 
(PROSPERO; CRD42025640253).

Data sources and search strategy

We systematically searched PubMed, Embase (via Ovid), 
and Scopus databases from inception to January 13, 2025. 
Polyglot tool [11], part of the Systematic review accelera-
tor (SRA) [12], was used to assist us in string conversion 
between different sources. The search strings are included 
in eMethods 1 in Supplemental material. The reference list 
of studies selected for inclusion and published systematic 
reviews on the same topic were also screened for studies 
that met our inclusion criteria. Following search, retrieved 
titles were collated in Zotero software, then duplicated 
items were removed using the Deduplicator tool [13] of 
the SRA. Screening by title and abstract was performed by 
two reviewers using Rayyan software [14]; disagreements 
were solved by discussion between the two authors and, 
if needed, through involvement of a third one. The same 
method was used for full-text screening.

Eligibility criteria

We included studies that: 1) explored the accuracy of the 
diagnostic rules based on the CVS in distinguishing MS 
from other diseases; 2) provided enough information to 
extract a 2 × 2 contingency table with the values for true 
positive (TP), false positive (FP), false negative (FN), and 
true negative (TN) results; 3) had been peer reviewed; 
4) had a prospective or retrospective design; 5) included 
patients with MS diagnosed according to 2010 or 2017 
McDonald criteria (or at least did not declare to have used 
other criteria); 6) were based on the acquisition of T2*, 
FLAIR*, or SWI on high-field (1.5 or 3 T) or ultra-high-
field (7 T) MRI. We excluded studies: 1) written in lan-
guages other than English; 2) involving pediatric patients 
or animal models; 3) including less than five cases; 4) 
involving cases of radiologically isolated syndrome (RIS). 

Reviews, guidelines, commentaries, conference proceed-
ings and abstracts, and surveys were excluded too.

Data extraction

Data extraction was performed using an electronic sheet. 
To extract data from plots, Plotdigitizer tool was used [15]. 
Extracted data for each study regarded authors, publication 
year, country, patient enrollment strategy (prospective or ret-
rospective), age limits, technical details of MRI acquisition 
(field strength, contrast agent use, used sequences, use of 
automated search of CVS), number of participants with and 
without MS, MS type, clinical condition of non-MS sub-
jects, demographics (age, sex) of each group of participants, 
type of threshold used, threshold value(s), and the number of 
TP, FN, TN, and FP at each threshold reported by the study.

Outcomes

The main outcome was the identification of summary esti-
mates of sensitivity and specificity of CVS-based diagnostic 
rules for MS and the identification of the best cutoff for each 
of these rules. Secondary outcomes included evaluation of 
the risk of bias and reproducibility of included studies and 
exploration of possible sources of heterogeneity.

Risk of bias assessment

Assessment of risk of bias and reproducibility of included 
studies was performed using the QUADAS-2 tool, as recom-
mended by the Cochrane collaboration [8, 16]. QUADAS-2 
results were presented as graphical displays and within the 
text.

Data synthesis and analysis

For each diagnostic rule, to account for studies providing the 
estimates of positivity and specificity at different thresholds, 
the model proposed by Jones et al. [17] was used. Through 
this model, based on multinomial distributions, summary 
true positive rate (TPR, i.e., sensitivity) and false positive 
rate (FPR, i.e., 1-specificity) were calculated for different 
positivity thresholds. Based on these data, Youden’s J sta-
tistic was calculated and the optimal cutoff was found for 
each diagnostic rule.

To calculate the diagnostic odds ratio (DOR) of each 
diagnostic rule, the hierarchical summary receiving operat-
ing characteristic (HSROC) model by Rutter and Gatsonis 
[18] was used, including for each study only the threshold 
with the best Youden’s index.
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All analyses were run in a Bayesian framework. We used 
RStudio version 2023.12.1 [19] with R version 4.3.2 [20] 
and JAGS version 4.3.1 [21]. Ninety-five percent credible 
intervals were calculated for each estimated value. See 
eMethods 2–3 in Supplemental material for code used in 
these analyses.

Investigation of heterogeneity

For each decision rule, we investigated heterogeneity by 
performing a meta-regression analysis on the role of gado-
linium-based vs gadolinium-free MRI protocols. The impact 
of NAIMS criteria was not explored, although it was planned 
in the review protocol, due to the strong interaction between 
the adoption of these criteria and publication year. For meta-
regression, the aforementioned HSROC model with proper 
adaptations for covariates was used; results were expressed 
as ratio of the pooled DORs (RDOR) of groups of studies 
differing for the covariate of interest. See eMethods 4 in 
Supplemental material for the code used in this analysis.

Results

Study selection

The systematic search of articles identified 1336 records. 
After removal of duplicated ones, 764 records were left. 
After title and abstract screening, 39 records were con-
sidered potentially relevant; we were unable to retrieve 
1 record, which was therefore excluded. The other three 
records were found through manual search. Following full-
text screening, 28 articles were finally included [22–49]. A 
detailed flowchart of the study selection process according 
to PRISMA guidelines can be found in eFigure 1 in Sup-
plemental material. eTable 1 in Supplemental material lists 
articles excluded on full text screening along with the reason 
for exclusion.

Study characteristics

Overall, 3434 participants were included from the 28 
selected studies. Among studies providing enough infor-
mation, participants’ mean age was 45 years and women’s 
proportion was 68.4%. Patient enrollment was performed 
prospectively in 16 studies [22, 23, 25, 26, 28, 30, 32–35, 
37, 40, 43, 45, 48, 49] and retrospectively in 9 [24, 27, 29, 
31, 36, 42, 44, 46, 47]. The publication years ranged from 
2013 to 2025. Thirteen studies were conducted in European 
countries [22, 24, 28, 31, 34, 37, 38, 40, 43, 44, 46, 48, 49], 

7 in American countries [25, 27, 29, 35, 42, 45, 47], 2 both 
in America and Europe [23, 36], 3 in Asia [26, 32, 39], and 
3 in Africa [30, 33, 41]. See Table 1 for more details.

Definition of MS and no‑MS cases

Two thousand and thirty-seven patients with MS were 
included in selected studies. In 15 studies, the 2017 version 
of McDonald criteria was used for diagnosis [22–32, 35–37, 
44], 7 used the 2010 revision [38, 39, 42, 43, 45–47], and 1 
study used both versions [34]. Eight studies included all MS 
types [22–26, 37, 38, 48] and three of them included clini-
cally isolated syndrome (CIS) too [22, 24, 38]; six included 
only relapsing–remitting (RRMS) cases [28, 31, 40, 42, 43, 
46], one both primary progressive (PPMS) and RRMS [44], 
and the remaining ones [27, 29, 30, 32–36, 39, 41, 45, 47, 
49] did not specify the type of MS included.

Our review included 1397 no-MS participants (people 
with an MS mimic to be distinguished from MS); their 
disease status varied, including asymptomatic white mat-
ter lesions (WML), cerebral small vessel disease (CSVD), 
neuromyelitis optica spectrum disorder (NMOSD), myelin 
oligodendrocyte glycoprotein antibody-associated disease 
(MOGAD), migraine, and Fabry disease. For more informa-
tion, see Table 2.

CVS detection methods

Thirteen studies used T2* sequences to detect CVS [22, 23, 
30, 34–37, 43–46, 48, 49], 9 SWI sequences [26, 28, 29, 
32, 33, 39–42], 3 both types of sequences [24, 26, 38], 2 
FLAIR* sequences [25, 47], and one used SPGR sequences 
[31]. The acquisition protocol of 11 studies included the 
administration of paramagnetic contrast agent [22, 23, 25, 
35–37, 39, 43, 45–47]. All studies but five [27, 41, 47–49] 
used NAIMS criteria for MS definition (Table 2). One study 
proposed automated detection methods for CVS along with 
manual ones [36] (however, for comparability reasons, only 
the results regarding manual detection were considered).

CVS‑based diagnostic rules

Three main diagnostic rules based on CVS were found: the 
first based on the percentage of CVS + lesions; the second 
based on the presence of CVS in a given number of lesions 
selected in T2 imaging; the third basede on a minimum 
number of CVS + lesions as seen in GRE imaging. No uni-
formity in naming these methods was found across included 
studies; for convenience purposes and looking at most used 
denominations, we called them “relative threshold method”, 
“select-n method” and “select-n* method”, respectively. 
eTables 2–4 in Supplemental material give further details 
about methods used in each study and their naming.
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Table 1   Characteristics of included studies

NMOSD: Neuromyelitis optica spectrum disorder, MOGAD: Myelin oligodendrocyte glycoprotein antibody-associated disease, CSVD: Cerebral 
small vessel disease, WML: White matter lesion, CIS: Clinically isolated syndrome, RRMS: Relapsing–remitting multiple sclerosis, PPMS: Pri-
mary progressive multiple sclerosis

Study Country Age, years Participants, 
no

Women, no. 
(%)

Patient enroll-
ment

MS cases, no MS types No-MS 
cases, no

No-MS cases 
condition

Silvestri et al. 
[22]

Italy 19–77 112 89 (79,5) Prospective 70 All (and CIS) 42 Migraine

Borrelli et al. 
[23]

Europe, USA  > 18 285 182 (63,9) Prospective 185 All 100 MS mimics

Cagol et al. 
[24]

Europe  > 18 934 NA Retrospective 570 All (and CIS) 364 MS mimics

Daboul et al. 
[25]

USA 18–65 78 55 (70,5) Prospective 37 All 41 MS mimics

Gao et al. [26] China 14–68 160 117 (73,1) Prospective 73 All 87 NMOSD
Okromelidze 

et al. [27]
USA NA 100 84 (84) Retrospective 61 NA 39 MS mimics

Cortese et al. 
[28]

UK  > 18 53 NA Prospective 29 RRMS 24 NMOSD

Ciotti et al. 
[29]

USA NA 33 NA Retrospective 19 NA 14 MOGAD

Ghany et al. 
[30]

Egypt 18–59 42 30 (71,4) Prospective 14 NA 28 MS mimics

Tranfa et al. 
[31]

Italy NA 109 84 (77,1) Retrospective 73 RRMS 36 Fabry disease

Yavas et al. 
[32]

Turkey 18–65 169 103 (60,9) Prospective 89 NA 80 Leukoaraiosis

Anan et al. 
[33]

Egypt 17–70 50 28 (56) Prospective 30 NA 20 CSVD

Clarke et al. 
[34]

UK  > 18 37 27 (73) Prospective 23 NA 14 MS mimics

Kaisey et al. 
[35]

USA NA 30 24 (80) Prospective 15 NA 15 MS mimics

Maggi et al. 
[36]

Switzerland, 
USA

NA 75 56 (74,7) Retrospective 42 NA 33 MS mimics

Maggi et al. 
[37]

Europe NA 39 30 (76,9) Prospective 27 All 12 MS mimics

Sinnecker et al. 
[38]

Europe 18–85 606 413 (68,2) NA 353 All (and CIS) 253 MS mimics

Al-Zandi et al. 
[39]

Iraq NA 60 46 (76,7) NA 30 NA 30 Leukoaraiosis

Cortese et al. 
[40]

UK NA 34 NA Prospective 18 RRMS 16 NMOSD

Darwish et al. 
[41]

Egypt 26–60 18 10 (55,6) NA 9 NA 9 MS mimics

Hosseini et al. 
[42]

Canada NA 35 26 (74,3) Retrospective 17 RRMS 18 Healthy with 
WMLs

Maggi et al. 
[43]

Italy, Belgium NA 83 54 (65,1) Prospective 52 RRMS 31 Inflammatory 
vasculopathies

Samaraweera 
et al. [44]

UK  > 18 71 35 (49,3) Retrospective 55 PPMS and 
RRMS

16 CSVD

Solomon et al. 
[45]

USA NA 40 37 (92,5) Prospective 20 NA 20 MS mimics

Campion et al. 
[46]

UK NA 35 17 (48,6) Retrospective 25 RRMS 10 CSVD

George et al. 
[47]

USA 18–70 87 45 (51,7) Retrospective 68 NA 19 Healthy or MS 
mimics

Mistry et al. 
[48]

UK 35–76 37 20 (54,1) Prospective 20 All 17 MS mimics

Mistry et al. 
[49]

UK NA 22 NA Prospective 13 NA 9 MS mimics
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The relative threshold method was the most used, since 
it was applied in 25 studies. The select-n method was 
used in five studies. The select-n* method was used in 
11 studies. Among studies applying select-n* method, 
some specified that when the total number of lesions was 
lower than the chosen value of n, the rule was considered 
to be fulfilled if the majority of lesions were CVS + (see 
eTable 4 for further information).

Risk of bias

Risk of bias and applicability concerns were assessed 
for all included studies (eFigures 2–3 in Supplemental 

material). Patient selection and definition of the index 
test were the domains contributing more to risk of bias; 
the first one contributed also to applicability concerns in 
four studies [30–32, 36].

Diagnostic accuracy of relative threshold method

Sensitivities and specificities provided by the included stud-
ies for relative threshold method are shown in Fig. 1; pre-
dictive values (PV) and likelihood ratios (LR) are listed in 
eTable 5 of Supplemental material. As can be seen, the 40% 
threshold was the most used, followed by 50%.

Figure 3a shows the values of summary sensitivity (true 
positive rate, TPR) and 1-specificity (false positive rate, 

Table 2   Evaluation methods of CVS in included studies

MRI: Magnetic resonance imaging; SWI: Susceptibility-weighted imaging; FLAIR: Fluid-attenuated inversion recovery; SPGR: Spoiled gradi-
ent-echo sequence; NAIMS: North American Imaging in Multiple Sclerosis

Study MRI field 
strength, T

MRI sequence Use of con-
trast agent

Use of NAIMS 
criteria

Diagnostic rules

Silvestri et al. [22] 3 T2* Yes Yes Relative threshold method Select-n* method
Borrelli et al. [23] 3 T2* Yes Yes Relative threshold method Select-n* method
Cagol et al. [24] 3 SWI/T2* No Yes Relative threshold method Select-n method 

Select-n* method
Daboul et al. [25] 3 FLAIR* Yes Yes Relative threshold method Select-n* method
Gao et al. [26] 3 SWI No Yes Select-n* method
Okromelidze et al. [27] 3 and 7 SWI/T2* No No Relative threshold method
Cortese et al. [28] 3 SWI No Yes Relative threshold method
Ciotti et al. [29] 3 or 1.5 SWI No Yes Relative threshold method
Ghany et al. [30] 1,5 T2* No Yes Relative threshold method
Tranfa et al. [31] 3 SPGR No Yes Select-n* method
Yavas et al. [32] 1.5 SWI No Yes Relative threshold method
Anan et al. [33] 1.5 SWI No Yes Relative threshold method
Clarke et al. [34] 3 T2* No Yes Relative threshold method Select-n* method
Kaisey et al. [35] 3 T2* Yes Yes Relative threshold method
Maggi et al. [36] 3 T2* Yes Yes Relative threshold method Select-n method
Maggi et al. [37] 3 T2* Yes Yes Relative threshold method Select-n method
Sinnecker et al. [38] 3 SWI/T2* No Yes Relative threshold method Select-n* method
Al-Zandi et al. [39] 3 SWI Yes Yes Relative threshold method
Cortese et al. [40] 3 SWI No Yes Relative threshold method Select-n method
Darwish et al. [41] 3 SWI No No Relative threshold method
Hosseini et al. [42] 7 SWI No Yes Relative threshold method
Maggi et al. [43] 3 or 1.5 T2* Yes Yes Relative threshold method
Samaraweera et al. [44] 3 T2* No Yes Relative threshold method
Solomon et al. [45] 3 T2* Yes Yes Select-n method Select-n* method
Campion et al. [46] 3 T2* Yes Yes Relative threshold method Select-n* method
George et al. [47] 3 FLAIR* Yes No Relative threshold method
Mistry et al. [48] 3 T2* No No Relative threshold method Select-n* method
Mistry et al. [49] 7 T2* No No Relative threshold method
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Fig. 1   Forest plot for sensitivity and specificity of relative threshold method in included studies
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FPR) for different positivity thresholds as calculated with 
Jones’ model. eTable 8 in Supplemental material lists val-
ues of sensitivity and specificity (CI) for some representa-
tive thresholds. As observed from Fig. 3b and eTable 8, 
our calculations showed that the threshold associated with 
the best Youden index is 37.5% (sensitivity 97.3%, 95%CI 
90.9–99.6%; specificity 90.4%, 95%CI 83.2–95.9%; Youden 
index 0.877).

The HSROC model provided a DOR of 420.1 (95%CI 
149.2–1586.7) for the relative threshold method (see eFig-
ure 4 in Supplemental material for corresponding plot).

Diagnostic accuracy of select‑n method

Due to high heterogeneity among selected studies, we 
decided it was not appropriate to perform a meta-analysis for 
select-n method. The parameters of diagnostic performance 
are reported in eTable 6 in Supplemental material.

Diagnostic accuracy of the select‑n* method

Figure 2 and eTable 7 in Supplemental material show the 
sensitivity, specificity, PVs, and LRs of the select-n* method 
in the included studies. Summary of the TPR and FPR across 
different positivity thresholds are shown in Fig. 3c and eTa-
ble 9 in Supplemental material. As seen in Fig. 3d, select-4* 
was the rule with the best Youden index (sensitivity 87.1%, 
95%CI 66.9–96.6%; specificity 88.2%, 95%CI 65.1–98.1%; 
Youden index 0.753).

Estimated DOR for the select-n* method was 57.8 
(95%CI 23.4–172.1) (see eFigure 5 in Supplemental mate-
rial for the HSROC plot).

Fig. 2   Forest plot for sensitivity and specificity of select-n* method in included studies
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Investigation of heterogeneity

For the relative threshold method, the adoption of gadolin-
ium-based protocols of MRI acquisition did not show a rel-
evant impact on DOR (RDOR = 6.62, 95%CI 0.68–71.27). 
In the same way, no significant difference was found for the 
select-n* method (RDOR = 2.52, 95%CI 0.35–15.36). See 
eFigures 6–7 in Supplemental material for the HSROC plots 
depicting these results.

Discussion

In this systematic review and Bayesian meta-analysis, which 
included 28 studies and 3434 participants, we collected the 
most robust and up-to-date evidence regarding the accuracy 
of CVS for MS diagnosis. Before our work, three system-
atic reviews with meta-analyses were published on this topic 
[50–52], the most recent one dating back to 2022. One more 
was published in 2024 [53], but it focused on the role of SWI 
sequences, including imaging markers other than CVS and 

excluding CVS detection with other GRE sequences. Other 
recent reviews provided no summary estimates of diagnostic 
accuracy of CVS [54, 55].

Inferences from our review point out some key findings. 
First, it can be observed that high heterogeneity exists 
in diagnostic rules based on CVS detection, not only in 
terms of their design, but also in their naming. This lack 
of shared rules and nomenclature represented a challenge 
to get pooled evidence and required adequate name stand-
ardization prior to further analyses.

Our results confirm the potential of CVS in MS diagno-
sis thanks to its high specificity and sensitivity, both with 
relative threshold and select-n* methods. With reference to 
the first method, we found an optimal cutoff at 37.5%; this 
value is quite similar to the 40% threshold, which is the 
most used threshold in included studies and the optimal 
one according to a past review on the topic [50]. Values of 
sensitivity and specificity estimated by this study for the 
40% cutoff (90% and 89%, respectively) are comparable to 
those we obtained for the same threshold; in our results, 
superiority of the 37.5% value over the 40% one depends 

Fig. 3   Summary parameters of diagnostic accuracy for CVS-based 
methods. a and c are plots of true positive rate (TPR) and false posi-
tive rate (FPR) across different values of positivity threshold for 
relative threshold and select-n* method, respectively. The green line 
represents TPR, i.e., the probability of being above threshold for 

MS + subjects; the red line represents FPR, i.e., the probability of 
being above threshold for MS − subjects. b and d are plots of Youden 
index across different values of positivity threshold for relative 
threshold and select-n* method, respectively
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on higher sensitivity. It should be noted that the other two 
reviews on CVS [51, 52] proposed a higher cutoff at 45%; 
however, they were based on a much lower number of 
included studies (6 and 7 vs 15 in the other cited review 
and 25 in ours). If our findings will be taken into account 
in future clinical practice, the small difference between 
37.5 and 40% thresholds can be probably neglected and 
the latter can be regarded as a good compromise between 
diagnostic accuracy and ease of use.

It can be observed that for relative threshold method, sen-
sitivity overcomes specificity at optimal cutoff; thus, adop-
tion of 37.5% threshold could lead to a significant risk of 
false positives, as already highlighted by past reviews on the 
topic [52]. However, the use of CVS detection should not be 
seen as a stand-alone diagnostic method, but as a part of a 
system of criteria including also other imaging, laboratory, 
and clinical data; this approach should exclude at least some 
of the potential false positives due to their lack of suggestive 
characteristics from these other points of view.

Considering the select-n* method, the optimal threshold 
we found is 4, which is lower than the select-6* rule that has 
been proposed to be adopted in the revised McDonald crite-
ria [7]. These results should be interpreted with caution, due 
to the limited number of included studies and heterogeneity 
in handling cases where the total number of lesions was 
lower than n (see above and eTable 4). However, our findings 
could strengthen the need for a reflection over this threshold, 
which has rarely been explored directly by existing studies 
and probably for this reason has been neglected until now.

Moreover, the fact that DOR is higher for relative thresh-
old than for select-n* criterion, as also sensitivity and speci-
ficity at optimal cutoffs are, could raise some issues about 
the choice of the second method rather than the first one. 
Nevertheless, we are aware that practical reasons limit the 
use of the relative threshold rule (to get the percentage of 
CVS + , all lesions should be evaluated, whereas for select-
n* method only n lesions have to be considered).

With regard to results of meta-regression, the absence 
of significant results for the impact of gadolinium use over 
diagnostic performance of CVS-based criteria is relevant, 
since the need for contrast agent administration could repre-
sent a barrier to their wide adoption. However, these results 
should be interpreted with caution, since our analysis, due to 
numerosity issues, did not stratify available data for the spe-
cific sequence used; since the administration of gadolinium, 
at least at a conceptual level, can improve the visualization 
of vessels, we cannot exclude that future studies performed 
on a single sequence, for example SWI, will have different 
results.

Some open questions are left by our review. The first one 
concerns real-world validation of the diagnostic accuracy 
of CVS, especially in the context of the new MS diagnostic 
criteria: large-scale adoption of CVS-based diagnostic rules 

will face new challenges, in terms of both reader expertise 
outside specialized centers and between-center variability of 
MRI protocols that could negatively affect their diagnostic 
performance. Another open issue is the role of automated 
assessment of CVS, which can become more and more 
relevant as methods based on artificial intelligence will be 
applied to MRI data interpretation and could revamp the role 
of relative threshold criterion, whose main limit has been its 
time-consuming nature.

Moreover, even if the accuracy of CVS in differential 
diagnosis between MS and other disorders is clear, we pro-
vided an overall estimate of diagnostic performance, since 
in most included studies the control group was composed of 
participants affected by diverse disorders. New studies will 
be needed in the future to explore the potential variability of 
CVS accuracy in distinguishing MS from specific diseases 
(for example, NMOSD, CSVD, or migraine).

The role of CVS + lesions in the spinal cord will also 
deserve future attention; even if the presence of perivenular 
plaques has been reported on pathological specimens, to our 
knowledge, only one study has addressed this theme until 
now, probably because the need of 3 T scans to visualize 
veins in this area [56].

Strengths and limitations

Unlike previous review on the same topic, we adopted 
statistical methods taking into account studies supplying 
accuracy estimates at multiple thresholds and thus we were 
also able to find the best cutoff for each rule in a reliable 
way. Moreover, to our knowledge, this review is the first to 
perform meta-analysis not only for relative threshold crite-
rion, but also for select-n* rule, which has been recognized 
as the most feasible in clinical practice. In addition, our 
effort to categorize heterogeneous diagnostic rules in three 
broad groups can prompt standardization of future primary 
research and constitute a benchmark for new reviews on the 
same topic.

However, our review is not free from limits. Heteroge-
neity of included studies is one of them and involves both 
protocols of MRI acquisition and controls selection, with 
different MS mimics considered in each case. We tried to 
address some of these issues with use of meta-regression, 
but probably additional subgroup analyses could have been 
useful, with particular reference to stratification for specific 
MRI sequences used in included studies, since it cannot be 
excluded that different MRI protocols might influence CVS 
detection rate. For a wider discussion on these technical 
issues, which are partially outside the scope of this review, 
see Chaaban et al. [54]. Low number of studies presenting 
results for select-n* method is another issue, at least if com-
pared with those regarding relative threshold method; this 
posed a challenge to the convergence of Bayesian models, 
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solved by increasing the number of iterations of Markovian 
chains, and limited the accuracy of our estimates, with broad 
credible intervals for TPR and FPR.

Another limitation of the study is the language restriction 
to English-written articles; however, the low number of stud-
ies excluded for this reason (one during full text screening 
and another during previous phases; see also Supplemen-
tary material) should limit the concerns of language bias. It 
should be also noticed that a more thorough assessment of 
inter-rater agreement (which was not quantitatively evalu-
ated) during study selection, data extraction, and risk-of-bias 
evaluation would have improved the methodology of our 
review; however, disagreements were managed with ade-
quate discussion among authors, thus limiting their impact.

Lack of information for automated assessments of 
CVS + lesions in another limit of our review. Finally, due 
to limited number of studies, we could not perform meta-
regression regarding the role of MRI field strength and this 
could be a problem, since it is clear that the power of field 
strength changes the accuracy of CVS detection [54].

Conclusions

The results of this systematic review and meta-analysis show 
that CVS-based diagnostic rules are reliable in MS diagno-
sis, with an optimal cutoff of 37.5% for the relative thresh-
old method and of four for the select-n* method. However, 
further research will be needed in the future.
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