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Abstract

BACKGROUND.—The central vein sign (CVS) is a proposed MRI biomarker of multiple 

sclerosis (MS). The impact of gadolinium-based contrast agent (GBCA) administration on CVS 

evaluation remains poorly investigated.

OBJECTIVE.—The purpose of this study was to assess the effect of GBCA use on CVS 

detection and on the diagnostic performance of the CVS for MS using a 3-T FLAIR* sequence.

METHODS.—This study was a secondary analysis of data from the pilot study for the 

prospective multicenter Central Vein Sign: A Diagnostic Biomarker in Multiple Sclerosis (CAVS-

MS), which recruited adults with suspected MS from April 2018 to February 2020. Participants 

underwent 3-T brain MRI including FLAIR and precontrast and postcontrast echo-planar imaging 

T2*-weighted acquisitions. Postprocessing was used to generate combined FLAIR and T2*-

weighted images (hereafter, FLAIR*). MS diagnoses were established using the 2017 McDonald 

criteria. Thirty participants (23 women, seven men; mean age, 45 years) were randomly selected 

from the CAVS-MS pilot study cohort. White matter lesions (WMLs) were marked using FLAIR* 

images. A single observer, blinded to clinical data and GBCA use, reviewed marked WMLs on 

FLAIR* images for the presence of the CVS.

RESULTS.—Thirteen of 30 participants had MS. Across participants, on precontrast FLAIR* 

imaging, 218 CVS-positive and 517 CVS-negative WMLs were identified; on postcontrast 

FLAIR* imaging, 269 CVS-positive and 459 CVS-negative WMLs were identified. The fraction 

of WMLs that were CVS-positive on precontrast and postcontrast images was 48% and 58% 

in participants with MS and 7% and 10% in participants without MS, respectively. The median 

patient-level CVS-positivity rate on precontrast and postcontrast images was 43% and 67% for 

participants with MS and 4% and 8% for participants without MS, respectively. In a binomial 

model adjusting for MS diagnoses, GBCA use was associated with an increased likelihood of at 

least one CVS-positive WML (odds ratio, 1.6; p < .001). At a 40% CVS-positivity threshold, the 

sensitivity of the CVS for MS increased from 62% on precontrast images to 92% on postcontrast 

images (p = .046). Specificity was not significantly different between precontrast (88%) and 

postcontrast (82%) images (p = .32).
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CONCLUSION.—GBCA use increased CVS detection on FLAIR* images, thereby increasing 

the sensitivity of the CVS for MS diagnoses.

CLINICAL IMPACT.—The postcontrast FLAIR* sequence should be considered for CVS 

evaluation in future investigational trials and clinical practice.
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Prompt diagnosis of multiple sclerosis (MS) is critical, as early treatment initiation is 

associated with improved clinical outcomes [1]. However, accurately diagnosing MS 

remains challenging due to the limited specificity of the current diagnostic criteria [2]. 

In one study, nearly one in five patients with MS were misdiagnosed [3]. Misdiagnosis 

is problematic due to the costs and risks associated with the use of disease-modifying 

therapies; in a study of 110 patients misdiagnosed with MS, 70% received disease-

modifying therapies, which resulted in unnecessary morbidity in 31% [4].

The identification of white matter lesions (WMLs) on MRI is an important component 

for the diagnosis of MS. However, many other conditions can be associated with WMLs 

on MRI that mimic MS, including small-vessel ischemic disease, migraine, and systemic 

autoimmune diseases [4, 5]. As such, MRI biomarkers with greater specificity for MS are 

needed. MS lesions are oriented around a central vein, an association that can be visualized 

using advanced MRI approaches and that is referred to as the central vein sign (CVS) [5, 6]. 

The CVS may be useful in differentiating WMLs due to MS from those due to mimickers 

[7–10]. However, further research is needed to standardize MRI evaluation of the CVS and 

to provide data from large-scale prospective studies before the CVS can be incorporated 

into clinical practice [5, 11, 12]. Visualization of the CVS has been described with several 

different T2*-weighted MRI sequences, including FLAIR* [6, 7, 9, 10], susceptibility-

weighted imaging (SWI) [13], and quantitative susceptibility mapping (QSM) [14]. FLAIR* 

imaging combines a 3D echo-planar imaging (EPI) T2*-weighted sequence and 3D FLAIR 

to facilitate simultaneous WML and CVS visualization [15]. Indeed, available evidence 

supports optimal CVS detection through the use of a high-resolution isotropic 3D EPI 

T2*-weighted sequence such as FLAIR* [5].

The current literature is heterogeneous with respect to the impact of gadolinium-based 

contrast agent (GBCA) administration on CVS detection and diagnostic utility [7, 13, 16–

18]. After GBCA administration, veins are more visible on T2*-weighted sequences due to 

the reduction of the relaxation time of water protons in blood [19]. However, whether this 

increased visibility translates to improved conspicuity of the CVS in WMLs has not been 

well investigated. Insight into the impact of GBCA use in this setting is important given 

both the agent’s additional cost and the potential risk of intracranial gadolinium deposition 

from repeated contrast-enhanced MRI examinations often performed in patients with MS 

[20]. The use of GBCA to aid in the detection of the CVS could impact not only initial 

diagnosis but also treatment planning and modification—for example, by helping to discern, 

in combination with clinical judgment and other MRI findings, whether WMLs are related 

to MS or to comorbidities such as small-vessel disease [21]. One recent study found that the 
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use of a GBCA increased the detection of CVS-positive MS lesions when using a 1.5-T SWI 

sequence [22], but the effect of GBCA use on CVS detection when using FLAIR* or a 3-T 

system has not been explored to our knowledge.

The goal of the current study was to assess the effect of GBCA use on CVS detection and on 

the diagnostic performance of the CVS for MS using a FLAIR* sequence at 3 T.

Methods

Participants

This study was a secondary analysis of a subset of patients from the pilot study for 

the Central Vein Sign: A Diagnostic Biomarker in Multiple Sclerosis (CAVS-MS). The 

CAVS-MS pilot study was a prospective longitudinal international multicenter observational 

study conducted by the North American Imaging in MS Cooperative (NAIMS). The study 

collected preliminary data on the application of the CVS on the FLAIR* sequence on 3-T 

MRI for evaluation of MS. Institutional review board approval was obtained at all sites, 

HIPAA compliance was maintained for all research staff, and written informed consent was 

obtained from all patients. The CAVS-MS pilot study recruited patients who were between 

18 and 65 years old and who had been referred to any of 10 MS centers with new clinical 

or radiologic suspicion for MS between April 2018 and February 2020. Individuals were 

ineligible for recruitment if they had a contraindication to or intolerance of MRI or GBCA 

or had received prior treatment with disease-modifying therapy for MS or treatment with 

systemic corticosteroids in the 4 weeks before potential enrollment.

The CAVS-MS pilot study obtained consent from and enrolled 97 participants. Five enrolled 

patients were excluded on the basis of an initial quality control assessment (image artifacts, 

n = 4; no contrast-enhanced acquisition, n = 1) by an MRI physicist (P.S.), resulting in 92 

patients in the CAVS-MS pilot study’s final analysis. For the present secondary investigation 

of the impact of GBCA use, 30 of these 92 participants were randomly selected using a 

random-number generator. This sample size was estimated to provide 80% power to detect 

at least a 15% difference in CVS detection based on GBCA use. The 30 participants in the 

present analysis were recruited from five sites: Cleveland Clinic, University of Toronto (St. 

Michael’s Hospital), University of Pennsylvania, University of Vermont, and Johns Hopkins 

University. All participants were included in an earlier report of the primary outcomes from 

the entire CVS-MS pilot study cohort that did not focus on the impact of GBCA use [23]. 

Figure 1 provides a flowchart of patient selection.

Study Design

Participants in the CAVS-MS pilot study underwent a single study visit, which included 

clinical assessment, neurologic examination, and a single brain MRI examination as 

described later in the Methods. As part of this visit, neurologists at the local site with 

subspecialty training in MS classified participants in terms of the presence or absence of an 

MS diagnosis based on the 2017 McDonald criteria [24]. This determination considered all 

available clinical data, including MRI findings with the exception of CVS-related findings. 

In addition to the determination of MS, site neurologists classified brain MRI examinations 
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in terms of dissemination in space and dissemination in time based on the 2017 McDonald 

criteria [24]. Approximately 12 months after the initial study visit, the neurologists reported 

participants’ most current diagnosis based on routine care during the interval since the initial 

study visit, as assessed by chart review.

MRI Acquisitions and Postprocessing

Brain MRI examinations performed during the initial study visit were performed using 

a 3-T system (two sites: Prisma Fit, Siemens Healthineers; one site: Skyra, Siemens 

Healthineers; one site: Ingenia Elition X, Philips Healthcare; one site: Achieva dStream, 

Philips, Healthcare). A manual providing a detailed MRI protocol was provided to all 

sites. Examinations used a single dose (0.1 mmol/kg) of a macrocyclic GBCA (gadoterate, 

gadoteridol, or gadobutrol, depending on the site’s routine practice). Examinations included 

an unenhanced T2*-weighted FLAIR sequence (isotropic resolution, 1.0 mm), a high-

resolution T2*-weighted segmented EPI sequence (isotropic resolution, 0.65 mm) performed 

before and after GBCA administration, and a T1-weighted sequence (isotropic resolution, 

1.0 mm) performed before and after GBCA administration (Table 1). All sequences 

comprised a 3D sagittal acquisition of the entire brain. Images from the MRI examinations 

were uploaded to an online platform (QMENTA, QMENTA) and accessibly by all CAVS-

MS pilot study investigators.

FLAIR* images were generated using three automated postprocessing steps [15]: 

coregistration between FLAIR and T2*-weighted sequences, interpolation of the registered 

FLAIR images to match the spatial resolution of the T2*-weighted images, and 

multiplication of the coregistered interpolated FLAIR images by the T2*-weighted images. 

This postprocessing was performed using the online platform and required approximately 30 

minutes to generate each FLAIR* image set.

White Matter Lesion–Level and Patient-Level Analyses

A 4th-year medical student (L.D.), blinded to MS diagnosis and other clinical information, 

reviewed the single FLAIR acquisition for all participants to identify and mark the location 

of all WMLs. This assessment was performed using open-source software (ITK-SNAP) [25]. 

The WML markings were transferred to precontrast and postcontrast FLAIR* images to 

allow assessment of corresponding WMLs on both image sets.

One month later, the same investigator (L.D.) manually reviewed the precontrast and 

postcontrast FLAIR* image sets in all 30 participants (total, 60 FLAIR* image sets 

reviewed). The 60 image sets were evaluated in random order; the investigator (L.D.) was 

blinded to MS diagnosis, other clinical information, and GBCA administration (i.e., whether 

an image set was obtained precontrast or postcontrast). Postcontrast T1-weighted images 

were not reviewed. The images included a mask depicting the previously marked WMLs. 

The rater categorized the location of each marked WML as juxtacortical (supratentorial, 

touched or included cortex), periventricular (supratentorial, touched lateral ventricles), 

subcortical or deep white matter (supratentorial, touched neither cortex nor ventricles), or 

infratentorial. The rater also categorized each WML as follows: CVS-positive if the WML 

clearly showed a central vein on at least two of three orthogonal planes, consistent with 
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NAIMS criteria [5]; CVS-negative if no central vein could be identified in the WML; CVS-

indeterminate if a central vein was visualized on only one plane, precluding classification 

as CVS-positive or CVS-negative; or excluded from CVS evaluation if meeting an NAIMS 

exclusion criterion [5]. The reasons for excluding CVS from evaluation were recorded.

For each MRI examination, the CVS-positivity rate was calculated as the percentage of 

CVS-positive WMLs among CVS-positive and CVS-negative WMLs. Examinations were 

then classified as CVS-positive at the patient level if the CVS-positivity rate reached various 

thresholds.

A neuroimmunology fellow (M.A.) independently evaluated all 60 FLAIR* image sets in 

the 30 patients. These evaluations were used for assessing interreader agreement; the first 

reader’s interpretations were used for all further analyses.

Before the start of the interpretations, all readers underwent training using a standardized 

dataset of annotated images that contained both CVS-positive and CVS-negative lesions 

curated from a prior study [26].

Post Hoc Analysis

At each of the five clinical sites, a single neurologist (2–5 years of posttraining experience) 

performed a post hoc review of the medical records of participants without MS at 12-month 

follow-up but who had a CVS-positivity rate of 40% or greater, participants with clinically 

isolated syndrome at 12-month follow-up, participants with MS who had a CVS-positivity 

rate of less than 40%, and participants classified as having MS at the initial study visit but 

not at 12-month follow-up. Observations from this medical record review were summarized 

qualitatively.

Statistical Analysis

Variables were stratified among various subsets on the basis of MS diagnosis, GBCA use, 

WML location, and CVS categorization and were compared using a combination of the t 
test, Fisher exact test, chi-square test, Mann-Whitney U test, and Wilcoxon rank sum test. 

A binomial model was used to identify associations of MS diagnoses and GBCA use with 

CVS positivity on a WML level, accounting for multiple WMLs per patient and considering 

a possible interaction between MS diagnosis and GBCA use. A negative binomial mixed 

model was used to identify an association of the distribution of WML locations with MS 

diagnosis or GBCA use, accounting for multiple WMLs per patient with a random intercept 

and considering a possible interaction between location distribution and MS. The negative 

binomial model was used due to overdispersion of WML counts. Sensitivity and specificity 

for MS diagnosis were compared between precontrast and postcontrast FLAIR* images on 

the basis of patient-level CVS-positivity rate using the McNemar test.

Various sensitivity analyses were performed. In one sensitivity analysis, CVS-indeterminate 

WMLs were counted as CVS-positive or as CVS-negative. In addition, primary analyses 

defined patients as having MS at a patient-level CVS-positivity threshold of 40% or greater 

[8]. Secondary analyses used thresholds of 35% and 50%. Primary analyses also used 

MS diagnoses from the initial study visit based on 2017 McDonald criteria. Secondary 
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analyses were performed using diagnoses of MS from 12-month follow-up, variably 

classifying patients with a 12-month follow-up diagnosis of clinically isolated syndrome 

or radiologically isolated syndrome as having MS or as being excluded from analysis.

Interrater agreement for classifying WMLs as CVS-positive versus CVS-negative and for 

patient-level CVS-positivity at the 40% threshold were determined for precontrast and 

postcontrast FLAIR* images using the percentage agreement and Cohen kappa coefficient. 

This assessment of interrater agreement included only those lesions classified as CVS-

positive or CVS-negative by both readers. Kappa coefficients were classified as follows [27]: 

0.01–0.20, slight agreement; 0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80, substantial; 

and greater than 0.80, almost perfect.

Results were considered statistically significant at p < .05. All statistical analyses used R 

(version 4.0.5) or GraphPad Prism (version 9, GraphPad Software) software.

Results

Participants and White Matter Lesions

The characteristics of the 30 randomly selected participants are presented in Table 2 and 

Table S1 (available in the online supplement). The mean age was 45 ± 12 (SD) years. 

Twenty-three participants were women, and seven were men. Based on the initial study visit, 

13 of 30 participants met 2017 McDonald criteria for MS, and 17 of 30 did not. A total of 11 

of 17 participants without MS met dissemination-in-space criteria on MRI, and three of 17 

participants without MS met dissemination-in-time criteria on MRI.

A total of 2108 WMLs were identified on FLAIR images in the 30 participants (905 WMLs 

in participants with MS, 1203 WMLs in participants without MS) and were subsequently 

evaluated on precontrast and postcontrast FLAIR* images. The distribution of WMLs by 

location was significantly different between participants with MS and those without MS 

(p < .001): participants with MS, compared with those without MS, had a lower fraction 

of WMLs in the subcortical or deep white matter (72% vs 89%, respectively) and higher 

fractions in periventricular (16% vs 6%) and juxtacortical (10% vs 5%) locations (Table 3).

Effect of GBCA on Central Vein Sign Detection

Based on the NAIMS criteria for CVS evaluation, 1316 of 2108 (62%) WMLs were 

excluded on precontrast FLAIR* images, and 1315 of 2108 (62%) WMLs were excluded on 

postcontrast FLAIR* images. The reasons for exclusion of WMLs on postcontrast images 

included the following: size less than 3 mm in diameter in any plane (1038/1315, 79%), a 

branching vein (3/1315, 0.2%), a peripheral vein (52/1315, 4.0%), multiple veins (98/1315, 

7.5%), confluence (83/1315, 6.3%), and both multiple veins and confluence (38/1315, 

2.9%). The fraction of WMLs excluded from CVS evaluation was significantly higher 

in participants without MS than in those with MS on both precontrast (68% vs 56%, 

respectively; p < .001) and postcontrast (67% vs 56%; p < .001) images. The median number 

of WMLs per participant was 57 (range, 7–221). After exclusions, the median number of 

evaluated WMLs per participant was 16 (range, 3–111) for those without MS and was 25 

(range, 6–100) for those with MS.
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Table 4 summarizes the distribution of CVS in evaluated WMLs. On precontrast FLAIR* 

images, a total of 218 CVS-positive and 517 CVS-negative WMLs were identified; on 

postcontrast FLAIR* images, a total of 269 CVS-positive and 459 CVS-negative WMLs 

were identified. In patients with MS, 192 of 402 (48%) WMLs were CVS-positive on 

precontrast FLAIR* images, whereas 229 of 398 (58%) WMLs were CVS-positive on 

postcontrast FLAIR* images. In patients without MS, 26 of 390 (7%) WMLs were 

CVS-positive on precontrast FLAIR* images, and 40 of 395 (10%) were CVS-positive 

on postcontrast FLAIR* images. Figure 2 shows examples of excluded, CVS-positive, 

CVS-negative, and CVS-indeterminate WMLs. The number of CVS-positive WMLs and 

CVS-positive rates, stratified by MS diagnosis and WML location, are summarized in Table 

S2 (available in the online supplement), and the distribution of CVS-positive WMLs across 

locations, stratified by GBCA use, is summarized in Table S3 (available in the online 

supplement); GBCA use was not significantly associated with this location distribution (p = 

.95).

The median patient-level CVS-positivity rate was higher for participants with MS than for 

those without MS for both precontrast (43% [IQR, 25–74] vs 4% [IQR, 0–24], respectively) 

and postcontrast (67% [IQR, 56–81] vs 8% [IQR, 2–27]) FLAIR* images (Fig. 3). In a 

binomial model adjusting for the effect of GBCA, the likelihood of having at least one 

CVS-positive lesion was significantly higher for participants with than for those without 

MS (odds ratio [OR], 15.5 [95% CI, 11.6–21.0], p < .001). No significant interaction 

was identified between MS diagnosis and GBCA use (p = .99). Among participants with 

MS, the median patient-level CVS-positivity rate was higher for postcontrast (67% [IQR, 

56–81]) than precontrast (43% [IQR, 25–74]) FLAIR* images (p < .001). In a binomial 

model adjusting for the effect of MS diagnoses, the frequency of having at least one 

CVS-positive WML was significantly higher for postcontrast than precontrast FLAIR* 

images (OR, 1.6 [95% CI, 1.2–2.0], p < .001). Based on the binomial model, in participants 

with MS, GBCA use increased the probability of having at least one CVS-positive WML 

from 0.54 to 0.65 (Table S4, available in the online supplement). Finally, GBCA use was 

associated with a mean of 2.8 additional CVS-positive WMLs per participant with MS and 

0.8 additional CVS-positive WML per participant without MS. Figure 4 shows examples of 

WMLs classified as CVS-negative on precontrast FLAIR* images but as CVS-positive on 

postcontrast FLAIR* images.

A sensitivity analysis in which CVS-indeterminate WMLs were classified as CVS-positive 

showed similar findings. Participants with MS had a higher median CVS-positivity rate on 

postcontrast (71% [IQR, 63–85]) than precontrast (50% [IQR, 40–76]) FLAIR* images. 

After adjusting for MS diagnosis, the likelihood of having at least one CVS-positive 

WML was significantly higher for postcontrast than precontrast FLAIR* images (OR = 

1.6 [95% CI, 1.2–2.0], p < .001). In participants with MS, a mean of an additional 2.4 

CVS-positive WMLs on postcontrast than precontrast FLAIR* images. Likewise, when 

CVS-indeterminate lesions were classified as CVS-negative, participants with MS had a 

higher median CVS-positivity rate on postcontrast (60% [IQR, 43–73]) than precontrast 

(40% [IQR, 21–60]) FLAIR* images; the likelihood of having at least one CVS-positive 

WML was higher for postcontrast than precontrast FLAIR* images (adjusted OR = 1.5 
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[95% CI, 1.2–1.9], p = .001); and, in participants with MS, a mean of an additional 2.8 

CVS-positive WMLs were identified on postcontrast than precontrast FLAIR* images.

Effect of GBCA on Diagnostic Performance of Central Vein Sign for Multiple Sclerosis

Table 5 summarizes the sensitivity and specificity of CVS for diagnosing MS on the basis 

of various criteria. At a 40% patient-level CVS-positivity threshold, the sensitivity of CVS 

for MS increased from 62% on precontrast FLAIR* images to 92% on postcontrast FLAIR* 

images (p = .046). Specificity of CVS for MS was not significantly different between 

precontrast FLAIR* (88%) and postcontrast FLAIR* (82%) images (p = .32). At the 

40% threshold, five of 13 (38%) participants with MS were incorrectly classified as not 

having MS on precontrast FLAIR* images compared with one of 13 (8%) participants on 

postcontrast FLAIR* images (i.e., four additional participants were correctly classified by 

postcontrast FLAIR* images).

Thresholds of 35% and 50% yielded similar results (Table 5), for example yielding an 

additional three and five participants, respectively, being correctly classified on postcontrast 

FLAIR* images. Sensitivity of CVS for MS was significantly higher for precontrast FLAIR* 

(46%) than postcontrast FLAIR* (85%) images at the 50% threshold (p = .03) but was not 

significantly different between precontrast FLAIR* (69%) and postcontrast FLAIR* (92%) 

images at the 35% threshold (p = .08). Specificity was not significantly different between 

precontrast and postcontrast FLAIR* images for either threshold (all p > .05).

Twelve-Month Follow-Up

None of the 17 patients without an MS diagnosis at the initial study visit had an established 

MS diagnosis at 12-month follow-up. Clinical diagnoses at 12-month follow-up in these 

17 patients were as follows: migraine (n = 3, with additional post-concussion syndrome 

in two patients), small-vessel ischemic disease (n = 3, with additional transient ischemic 

attack in one patient), clinically isolated syndrome (n = 3), nonspecific white matter 

changes (n = 2), radiologically isolated syndrome (n = 2), mixed connective tissue disease 

(n = 1), paresthesias (n = 1), and traumatic cervical myelopathy (n = 1); the remaining 

one participant did not have an established diagnosis at 12-month follow-up. Of the 13 

participants who met 2017 McDonald criteria for MS at the initial study visit, 12 had 

a diagnosis of MS at 12-month follow-up, and one participant was later diagnosed with 

postinfectious encephalomyelitis. Tables S5 and S6 (available in the online supplement) 

provide additional participant-level information.

Figures S1 and S2 (available in the online supplement) show the impact of GBCA use 

on CVS detection based on 12-month follow-up diagnoses when classifying participants 

with final diagnoses of clinically isolated syndrome or radiologically isolated syndrome as 

having MS or as being excluded, respectively. Table 5 shows the effect of GBCA use on 

the sensitivity and specificity of CVS for MS based on 12-month follow-up diagnoses when 

classifying participants with final diagnoses of clinically isolated syndrome or radiologically 

isolated syndrome as having MS or as being excluded. These analyses showed similar 

results in terms of GBCA use significantly increasing the likelihood of having at least one 
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CVS-positive WML and of being associated with a significant increase in the sensitivity of 

CVS for MS without a significant change in specificity.

Post Hoc Analysis

Three patients without MS had a CVS-positivity rate on postcontrast FLAIR* images that 

was greater than 40% (participants 4, 8, and 12; Table S5). Participant 8 had no CSF 

oligoclonal bands, and participants 4 and 8 had cervical and thoracic spinal cord imaging 

that did not show any WMLs. These three participants had 12-month follow-up diagnoses of 

radiologically isolated syndrome, migraines with postconcussive syndrome, and nonspecific 

white matter changes, respectively.

Of the three participants with clinically isolated syndrome at 12-month follow-up 

(participants 7, 9, and 17; Table S5), none had a precontrast or postcontrast CVS-positivity 

rate higher than 40%. One participant with MS had a CVS-positivity rate on postcontrast 

FLAIR* images that was less than 40% (participant 24, 11%; Table S6). This participant 

had a typical sensory presentation of MS but also had other factors potentially associated 

with WML development (age of 63 years and smoking use). The one participant who was 

classified as having MS at the initial study visit but who did not have an MS diagnosis 

at the 12-month follow-up (participant 19, diagnosis of postinfectious encephalomyelitis at 

12-month follow-up; Table S6) had a CVS-positivity rate of 43% on both precontrast and 

postcontrast FLAIR* images.

Interobserver Agreement

The interreader agreement for classifying WMLs as CVS-positive versus CVS-negative was 

88% agreement (κ = 0.71, indicating substantial agreement) on precontrast FLAIR* images 

and 87% agreement (κ = 0.73, indicating substantial agreement) on postcontrast FLAIR* 

images. The interreader agreement for patient-level CVS-positivity at the 40% threshold 

showed 77% agreement (κ = 0.35, fair agreement) for precontrast FLAIR* images and 80% 

agreement (κ = 0.60, moderate agreement) for postcontrast FLAIR* images.

Discussion

This multicenter study evaluated the impact of GBCA use on CVS detection, assessed by 

NAIMS criteria, and on performance of the CVS for diagnosing MS, when evaluated by a 

3-T FLAIR* sequence. GBCA use increased CVS detection independent of MS diagnoses, 

across various sensitivity analyses. For example, GBCA use was associated with a 1.6-times 

greater odds of detecting at least one CVS-positive WML in all participants and a mean 

of 2.8 additional CVS-positive WMLs per participant with MS. GBCA use also improved 

the performance of the CVS for diagnosing MS based on the 2017 McDonald criteria. For 

example, at a 40% CVS-positivity threshold, GBCA use increased the sensitivity of CVS for 

diagnosing MS from 62% to 92% without significantly impacting specificity. When GBCA 

was used, four additional participants were correctly classified by the CVS as having MS. 

These findings support the use of GBCA for optimizing the role of the CVS on 3-T FLAIR* 

images as a diagnostic biomarker in MS evaluation.
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Given concerns about long-term intracranial gadolinium accumulation [20], as well as 

increased costs, GBCA should be used prudently, and insight into the effect of GBCA will 

help guide protocol decisions in patients with MS. The role of GBCA in improving CVS 

detection, as observed in the current study, could be helpful for establishing MS diagnoses 

when using abbreviated CVS counting methods in individuals with a low volume of WMLs 

[26]. In this context, the additional detection of a few CVS-positive WMLs could markedly 

impact patient-level CVS-positivity rates. Accordingly, the observed effect of GBCA use 

may be particularly impactful early in the MS disease course when, typically, fewer WMLs 

are present. Nonetheless, in patients with established MS, assessment of newly developed 

WMLs for CVS positivity could also be used to guide disease management [28].

This study had limitations. First, the type of GBCA was not recorded for each examination, 

precluding assessment of the effect of different GBCA relaxivities on CVS conspicuity. 

Second, MRI examinations did not include SWI, which is less sensitive for CVS than the 

T2*-weighted EPI sequence evaluated in this study [13]. A recent study showed increased 

visibility of the CVS on SWI after GBCA administration [29], and a subsequent study of 

19 patients with MS found that the CVS-positivity rate for SWI increased from 54% on 

precontrast images to 86% on postcontrast images [22], larger than the increase in CVS 

positivity for FLAIR* images observed by the current study. The MRI examinations also 

did not include QSM. A recent study reported visualization of a central vein in 31% of 

MS lesions on postcontrast QSM [14], which is substantially lower than the frequency 

of the CVS for postcontrast FLAIR* images in the current study. Third, patient-level 

analyses were performed using CVS-positivity rates, which may not be representative 

of patient-level CVS assessments based on machine learning algorithms or simplified 

clinical tools (e.g., select three WMLs) that rely on counting CVS-positive WMLs rather 

than determining percentages [26]. Such methods may be less intensive for interpreting 

radiologists; in addition, percentages may be less reliable when the denominator is small. 

Fourth, no participant without an initial MS diagnosis had a change in diagnosis to 

MS at 12-month follow-up. Longer follow-up might have allowed definitive diagnoses in 

participants with clinically isolated syndrome or radiologically isolated syndrome. Fifth, we 

did not differentiate between WMLs that were enhancing or nonenhancing on T1-weighted 

images. In a previous study, the CVS was found to be less visible in enhancing WMLs [28]. 

Sixth, 62% of all WMLs were excluded from evaluation by NAIMS criteria, of which 79% 

were excluded due to small size. Seventh, all MRI examinations were performed at 3 T. A 

recent meta-analysis showed a lower fraction of CVS in WMLs evaluated at 1.5 T (58%) 

than at 3 T (74%) or 7 T (82%) [30]. Given the decreased CVS detection at 1.5 T, GBCA 

use may have a larger impact on CVS detection at the lower field strength. Finally, the 

sample size was small. A prospective multicenter study to evaluate the CVS as a diagnostic 

biomarker in MS is currently underway (NCT04495556) and has a target recruitment of 400 

participants.

In conclusion, in patients with suspicion for MS, CVS detection was significantly higher 

for postcontrast than precontrast 3-T FLAIR* images; GBCA use resulted in a larger mean 

number of CVS-positive WMLs per participant and in a larger fraction of participants 

having at least one CVS-positive WML. In addition, GBCA use significantly increased the 

sensitivity of CVS for MS without affecting specificity, thereby correctly classifying a larger 
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number of participants in terms of MS diagnoses. The postcontrast FLAIR* sequence should 

be considered for CVS evaluation in future investigational trials and clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

Key Finding

• In a model accounting for MS diagnoses, GBCA use was associated with 
increased likelihood of at least one CVS-positive WML on FLAIR* images 
(OR = 1.6, p < .001). CVS had higher sensitivity for MS on postcontrast than 
precontrast FLAIR* images (92% vs 62%, p = .046) without a difference in 
specificity (82% vs 88%, p = .32).

Importance

• GBCA use improves visualization of central veins in patients being evaluated 

for MS. Postcontrast FLAIR* images should be considered for future trials 

and clinical practice.
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Fig. 1—. 
Flowchart shows patient selection. CAVS-MS = Central Vein Sign: A Diagnostic Biomarker 

in Multiple Sclerosis, CVS = central vein sign, WML = white matter lesion.
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Fig. 2—. 
Representative FLAIR* MR images of study participants. MS = multiple sclerosis, CVS = 

central vein sign, WML = white matter lesion.

A, Sagittal image in 32-year-old participant with MS shows periventricular CVS-positive 

WML (arrows).
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B, Axial image in 41-year-old participant without MS shows subcortical and deep white 

matter CVS-negative WMLs (arrows).

Representative FLAIR* MR images of study participants. MS = multiple sclerosis, CVS = 

central vein sign, WML = white matter lesion.

C, Coronal image in 38-year-old participant with MS shows juxtacortical CVS-positive 

WML (arrow).

D, Axial image in 36-year-old participant with MS shows subcortical CVS-positive WML 

(arrow).

E, Sagittal image in 38-year-old participant with MS shows infratentorial CVS-positive 

WML (arrow).

F, Axial image in 42-year-old participant without MS shows subcortical CVS-negative 

WML (arrow).

G, Axial image in 37-year-old participant with MS shows subcortical CVS-indeterminate 

WML (arrow).

H, Coronal image in 57-year-old participant without MS shows subcortical WML (arrow) 

that was excluded owing to size of 2.2 mm.
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Fig. 3—. 
Graph shows patient-by-patient comparison of central vein sign (CVS)-positivity rate 

between precontrast (black boxes) and postcontrast (gray circles) FLAIR* images. 

Participants with multiple sclerosis (MS) diagnosis and participants with no MS diagnosis 

based on 2017 McDonald criteria during study are shown. Thin diagonal lines connect 

precontrast and postcontrast values for individual participants, and thick horizontal lines 

denote median percentage across participants for precontrast and postcontrast images. 

Asterisk indicates statistically significant difference (p < .001).
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Fig. 4—. 
Comparison of precontrast and postcontrast FLAIR* images in terms of central vein sign 

(CVS) visualization in white matter lesions (WMLs). In this example, patient is 43-year-old 

participant with multiple sclerosis.

A and B, WML (arrow) was classified as CVS-negative on precontrast image (A) but as 

CVS-positive on postcontrast image (B).

C and D, WML (arrow) was classified as CVS-negative on precontrast image (C) but as 

CVS-positive on postcontrast image (D).
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