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Purpose: Magnetic resonance imaging (MRI) findings in multiple sclerosis (MS) overlap with numerous MS mimics. The central 
vein sign (CVS) can help to differentiate MS from other mimics. This study aimed to determine the value of CVS as a diagnostic 
biomarker for distinguishing MS from its mimics.
Patients and Methods: Patients were prospectively recruited into two groups: a typical clinical (TC) MS presentation with an 
atypical MRI for MS and an atypical clinical (ATC) MS presentation with a typical MRI for MS. Patients underwent a 1.5T MRI brain 
scan with a T2*-weighted gradient-echo sequence. The presence of the central vein was assessed by a radiologist blinded to patients’ 
clinical presentation. The MS consultant made the final diagnosis without reviewing the T2*-weighted gradient-echo sequence or the 
CVS analysis results.
Results: Forty-two patients were included. Ten (40%) out of 25 TC patients were diagnosed with clinically definite MS (CDMS), with 
a mean percentage of CV-positive lesions of 65.5% among CDMS patients. Four (23.5%) out of 17 ATC patients were diagnosed with 
CDMS with a mean CV-positive lesions percentage of 68.25% among CDMS patients. TC patients who were not diagnosed as CDMS 
had a mean CV-positive lesions percentage of 10.13%, while ATC patients who were not diagnosed as CDMS had a mean CV-positive 
lesions percentage of 16.38%. The CVS showed 85.7% sensitivity and 100% specificity (95% confidence interval: 0.919–1.018) for 
diagnosis of MS at a cut off value of 45% (p < 0.001). The percentage of CV-positive lesions was significantly higher in oligoclonal 
bands (OCBs) positive patients compared to OCBs negative patients (p < 0.001) and those with spinal cord lesions compared to 
patients with no spinal cord lesions (p = 0.017).
Conclusion: The CVS has 85.7% sensitivity and 100% specificity for the diagnosis of MS at a cutoff value of 45%.
Keywords: multiple sclerosis, central vein, mimics, cutoff, gradient-echo

Introduction
Brain magnetic resonance imaging (MRI) is now considered the cornerstone for diagnosing multiple sclerosis (MS).1 

MRI findings in MS often overlap with numerous MS mimics,2 such as neuromyelitis optica, small vessel disease, 
migraine, and systemic lupus erythematosus.3–5 This presents challenges for the radiological diagnosis of MS in some 
patients. There is a need for reliable radiological diagnostic biomarkers to avoid false diagnosis of MS or missing MS 
patients with atypical radiological presentations.

The central vein sign (CVS) has recently gained significant interest as a radiological biomarker to help improve the 
accuracy of MS diagnosis.6 Evidence indicates that the CVS in certain lesions can accurately differentiate MS from other 
mimics.7,8 Studies in patients with MS conducted using high-field MRI scanners using the gradient-echo technique have 
revealed that a small central vein (CV) is frequently detected in MS lesions and can distinguish MS from other 
radiological mimics, such as small vessel disease.7,9 Thus, the North American Imaging in MS (NAIMS) cooperative 
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proposed the radiological characteristics of a CV6 (Figure 1). Moreover, various criteria have been proposed to determine 
whether a scan is considered central vein-positive:

1. At least 40% of lesions have a visible central vein.9

2. A combination of a CV-positive lesion count and location.10

3. At least six CV-positive lesions; if the total lesion count is fewer than six, the majority of lesions must have a CV.7

4. At least three CV-positive lesions.11

The aim of this study was to determine the value of CVS as a diagnostic biomarker that can distinguish MS from its 
mimics in Egyptian MS patients using 1.5T MRI scanners.

Methods
Sample
Patients were recruited prospectively from the MS clinic of Cairo University Hospital between July 2020 and 
November 2020. Patients were eligible if they were aged 18–59 years and fell into one of the following two categories: 
a typical clinical (TC) presentation suggestive of MS with an atypical MRI for MS and an atypical clinical (ATC) 
presentation of MS with a typical MRI suggestive of MS. We included 42 patients, of whom 30 were female (71.4%) and 
12 were male (28.6%). The age of patients ranged from 18 to 55 years, with a mean age of 34 years. A patient was 
considered to have a typical clinical presentation if he/she presented with one or more of the following symptoms: acute/ 
subacute unilateral diminution of vision, acute/subacute double vision or ophthalmoplegia, acute/subacute monoparesis, 

Figure 1 Radiologic characteristics for a CV proposed by NAIMS.
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hemiparesis or paraparesis, acute/subacute limb or gait ataxia, acute/subacute well-defined consistent positive or negative 
sensory symptoms and acute/subacute sphincteric symptoms. A typical MRI for MS was defined as

central nervous system white matter lesions on MRI that are ovoid, well-circumscribed, > 3 mm, and homogeneously 
hyperintense on T2-weighted images with or without involvement of the corpus callosum.12 

The study protocol was approved by the institutional review board of the Faculty of Medicine, Cairo University (REC 
code: MD-62-2020). The study was conducted in accordance with the principles established by the 18th World Medical 
Assembly (Helsinki, 1964) and all applicable amendments laid down by it, International Council for Harmonization 
guidelines for good clinical practice, and in compliance with all national and international laws and regulations. A written 
informed consent was obtained from all study participants prior to enrollment.

Workup
All patients underwent routine clinical assessment by an MS consultant, a cerebrospinal fluid analysis for oligoclonal 
bands (OCBs), immunoglobulin G index and cytology, an autoimmune laboratory workup, and visual evoked 
potential examination. Additional investigations were requested if the consultant deemed them necessary for diag-
nosis (eg chest computed tomography when sarcoidosis was suspected or a pathergy test when Behcet’s disease was 
suspected).

All patients underwent an MRI scan of the brain and cervical spine on a 1.5T Philips Achieva system (Philips 
Medical Systems Nederland B.V.) at the Radiology Department of Cairo University Hospital. The brain MRI included 
a three-dimensional T2*-weighted gradient-echo scan (without contrast). The parameters for the 3D FLAIR sequence 
were: FOV 250, TE 308 ms, TR 4.8 s, Flip Angle 90, and the parameters for the T2* sequence were: FOV 230, TE 50 
ms, TR 35 ms, Flip Angle 15. The white matter lesions (WMLs) were outlined, and the presence or absence of the CV 
was assessed. WMLs were detected on the axial view, and the presence of a CV was confirmed by its presence on one of 
the other two orthogonal planes, as recommended by the NAIMS cooperative (Figure 1).

An experienced radiology consultant outlined the WMLs visible on the T2*-weighted scans, detected the presence or 
absence of a CV, and calculated the percentage of WMLs with CVs for each patient. Lesions smaller than 3 mm on the 
shorter axis and confluent and infratentorial lesions were not analyzed. The radiology consultant was blinded to the 
clinical presentation of the patient.

The MS consultant made the final diagnosis according to the 2017 revision of McDonald’s criteria1 without having 
access to the T2*-weighted gradient-echo sequence (they did have access to the standard MRI scan) or the results of the 
CVS analysis.

Statistical Analysis
Data were coded and entered using the Statistical Package for the Social Sciences (SPSS) version 26 (IBM Corp., 
Armonk, NY, USA). Quantitative data are summarized as means, standard deviations, medians, minimums, and 
maximums, and categorical data are described as frequencies (counts) and relative frequencies (percentages). 
Comparisons between quantitative variables were performed using non-parametric Kruskal–Wallis and Mann–Whitney 
tests.

For comparisons of categorical data, we used chi-square (χ2) tests. The exact test was used if the expected frequency 
was less than five. Correlations between quantitative variables were performed using Spearman correlation coefficient. 
A receiver operating characteristic (ROC) curve was constructed using the area under the curve analysis to determine the 
best cutoff value of the CVS for the detection of MS. A p < 0.05 was considered statistically significant.

Results
Of the 42 patients included in the study, 25 patients (59.5%) presented with TC MS with an atypical MRI for MS, and 17 
patients (40.5%) presented with ATC MS with a typical MRI for MS. We found that TC MS patients presented with 
sensory, visual, motor, and brainstem symptoms and ataxia, whereas the ATC MS patients presented with headaches, 
seizures, behavioral symptoms, and psychosis.
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Ten (40%) out of 25 TC MS patients received a final diagnosis of clinically definite MS (CDMS), of whom eight 
(80%) had a high percentage of CV-positive lesions (50–100%), and the remaining two patients had a low percentage of 
CV-positive lesions (20% and 22% of lesions). The mean percentage of CV-positive lesions among the 10 patients 
diagnosed with CDMS in the TC MS group was 65.5%. The 15 patients in the TC MS group who received a non-MS 
diagnosis had CV-positive lesion percentages ranging from 0% to 25%, with a mean percentage of 10.13%.

In the ATC MS group, four (23.5%) out of 17 patients received a final diagnosis of CDMS, and all four patients had 
a high percentage of CV-positive lesions (57–75%), with a mean percentage of 68.25% (Figure 2). The 13 patients in the 
ATC group who received a non-MS diagnosis had CV-positive lesion percentages ranging from 0% to 40%, with a mean 
percentage of 16.38%. The percentage of CV-positive lesions for 12 out of these 13 patients ranged from 0% to 25%, and 
one patient who was diagnosed with anti-phospholipid syndrome had CV-positive lesions in 40% of all lesions. The mean 
number and percentage of CV-positive lesions were significantly higher in patients who received a CDMS diagnosis from 
the TC and ATC groups as compared to patients who did not receive a CDMS diagnosis (p < 0.0001 for both number and 
percentage). Table 1 summarizes the clinical and paraclinical characteristics of patients in the TC and ATC groups who 
received or did not receive a CDMS diagnosis. Table 2 shows the final diagnoses of TC and ATC MS patients who 
received a non-MS diagnosis alongside their CV-positive lesion percentage.

The ROC curve analysis showed high sensitivity (85.7%) and specificity (100%) of the CVS for diagnosing MS (95% 
confidence interval: 0.919–1.018) at a cutoff value of 45% (p < 0.001; Figure 3). The percentage of CV-positive lesions 
was significantly higher in patients with positive OCBs than in patients with negative OCBs (p < 0.001). Similarly, the 
percentage of CV-positive lesions was significantly higher in patients with spinal cord lesions than in patients without 
spinal cord lesions (p = 0.017; Table 3). Age, disease duration, and disability, as assessed by expanded disability status 
scale, were not correlated with the percentage of CV-positive lesions.

Figure 2 T2*-weighted gradient-echo MRI scan. Scan of a 19-year-old female patient from the ATC group who presented with seizures and was eventually diagnosed with 
CDMS with positive OCBs and CV-positive lesions in 57% of all lesions. Inside each of the yellow boxes lies a central vein positive lesion with the yellow arrows pointing to 
central vein.
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Table 1 Clinical and Paraclinical Characteristics of Patients in the TC and ATC Groups Who Received or Did Not Receive a CDMS 
Diagnosis

TC Patients 
Diagnosed as 
CDMS (n=10)

TC Patients Not 
Diagnosed as CDMS 

(n=15)

ATC Patients 
Diagnosed as 
CDMS (n=4)

ATC Patients Not 
Diagnosed as CDMS 

(n=13)

Mean n (mean %) of CV-positive 
lesions

4.1 (65.5%) 0.93 (10.13%) 6.75 (68.25%) 1.23 (16.38%)

n (%) of OCBs positive patients 9 (90%) 0 (0%) 4 (100%) 2 (15.38%)

n (%) of patients with spinal cord 
lesions

8 (80%) 4 (26.6%) 1 (25%) 1 (7.69%)

n (%) of patients with affected VEP 5 (50%) 6 (40%) 2 (50%) 2 (15.38%)

n (%) of patients fulfilling both DIS 

+DIT according to McDonald’s criteria 
2017

10(100%) 4 (26.67%) 4 (100%) 1 (7.69%)

Abbreviations: TC, typical clinical; ATC, atypical clinical; CDMS, clinically definite multiple sclerosis; n, number; %, percentage; CV, central vein; OCBs, oligoclonal bands; 
VEP, visual evoked potential; DIS, dissemination in space; DIT, dissemination in time.

Table 2 Final Diagnoses of Patients Who Received a Non-MS Diagnosis and Their CV-Positive Lesion Percentage

Final Diagnosis Number of 
Patients

CV-Positive Lesion n (%)

Patients with typical clinical presentation + 

atypical MRI (TC)

Neuromyelitis optica 4 0 (0%), 0 (0%), 1 (14%), 2 (25%)

Isolated optic neuritis 3 0 (0%), 0 (0%), 0 (0%)

Chronic migraine 3 1 (11%), 1 (12%), 2 (22%)

Small vessel disease 2 0 (0%), 1 (10%)

CADASIL 1 2 (16%)

Progressive systemic 

sclerosis

1 2 (20%)

Behcet’s disease 1 2 (22%)

Patients with atypical clinical presentation + 

typical MRI (ATC)

Chronic migraine 7 0 (0%), 1 (14%), 1 (16%), 2 (18%), 1 (20%), 3 

(20%), 1 (25%)

Headache (non- 

specific)

1 1 (6%)

Neuromyelitis optica 1 1 (20%)

Small vessel disease 1 1 (12%)

Connective tissue 

disease

1 2 (22%)

Anti-phospholipid 

syndrome

1 2 (40%)

Systemic lupus 

erythematosus

1 0 (0%)

Abbreviations: n, number; %, percentage; CV, central vein; TC, typical clinical; CADASIL, cerebral autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy; ATC, atypical clinical.
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Discussion
We assessed the value of the CVS in distinguishing between MS lesions and their mimics using a 1.5T MRI scanner in 42 
patients. We found that the CVS has 85.7% sensitivity and 100% specificity at a cutoff value of 45% of the total lesions 
(p < 0.001). The mean percentage of CV-positive lesions was significantly higher in patients who received a CDMS 
diagnosis from the TC and ATC groups as compared to patients who did not receive a CDMS diagnosis (p < 0.0001). 
Several studies have assessed the value of the CVS in MS patients and confirmed its ability to distinguish MS lesions 
from their mimics with good sensitivity and specificity; those studies used a range of scanners with various magnetic 
fields’ strengths: 1.5T scanners,14,15 3 T scanners,6,13 and 7T scanners.8,11 For example, Tallantyre et al conducted a 7T 
MRI study to assess the CVS in 28 MS patients with a total of 901 lesions and 17 non-MS patients with a total of 428 

Figure 3 ROC curve analysis showing the diagnostic accuracy of the CVS.

Table 3 Percentage of CV-Positive Lesions in Patients with Positive/Negative OCBs and Patients with/without Spinal Cord Lesions

OCB-Positive OCB-Negative P-value

Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum

Percentage of 
CV-positive 

lesions

64.13 24.06 75.00 14.00 100.00 12.26 9.24 14.00 0.00 25.00 < 0.001

With spinal cord lesions No spinal cord lesions

50.00 36.50 66.00 0.00 100.00 22.17 21.83 16.00 0.00 75.00 0.017

Abbreviations: OCB, oligoclonal bands; CV, central vein; SD, standard deviation.
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lesions and determined a 40% cutoff for differentiating CDMS patients from non-MS patients.8 Clarke et al used 3T MRI 
to investigate the diagnostic value of the CVS and found that the CVS threshold for distinguishing MS patients from non- 
MS patients was 40.7%, which resulted in 100% sensitivity and 73.9% specificity.13 Anan et al conducted a study in 
Egyptian patients using a 1.5T MRI scanner and found that the CVS had a specificity of 100% for detecting MS lesions 
when the load of CV-positive lesions was ≥ 44.24%.14

A recent systematic review that included 21 studies evaluating the CVS according to the NAIMS criteria in 501 MS 
patients using T2*-weighted imaging reported an overall cutoff of 45% CV-positive lesions of total lesions, yielding 97% 
sensitivity and 99% specificity.16 In another recent systematic review conducted by Castellaro et al that reviewed 35 
studies including 1047 patients (256 patients with clinically isolated syndrome and 791 patients with CDMS), the optimal 
cutoff value obtained from pooled patient data was 40%, with 95% sensitivity and 92% specificity.17 They also 
highlighted that the higher the magnetic field of the MRI scanner used, the higher the percentage of CV-positive lesions 
detected; the 1.5T scanners detected the lowest percentage of CV-positive lesions (58%) compared with both the 3T 
(74%) and 7T (82%) scanners.17

We found that the percentage of CV-positive lesions was significantly higher in OCB-positive patients compared to 
OCB-negative patients (p < 0.001) and patients with spinal cord lesions compared to patients with no spinal cord lesions 
(p = 0.017). This further confirmed the diagnostic value of the CVS because it is well-established that both OCBs and 
spinal cord lesions have high diagnostic value for MS.18,19 Our findings confirmed the value of the CVS as a reliable 
radiological biomarker for differentiating MS lesions from other non-specific WMLs that mimic MS lesions. We also 
revealed that the CVS can function as an accurate test for ruling out MS in cases with ATC presentations, such as 
migraines where patients frequently present with non-specific WMLs in their MRI.20

One of the strengths of this study is its prospective design, where patients had experienced their first clinical 
presentation or their MRI suggested MS without TC MS presentation. Another strength is the blinding procedure, 
whereby the MS and radiology consultants were blinded to the CV analysis results and patients’ clinical presentation, 
respectively. However, this study was limited by the small sample size and the use of a 1.5T scanner - despite being 
reflective to everyday practice - limited the percentage of CV-positive lesions detected.16

Conclusions
The CVS has 85.7% sensitivity and 100% specificity for the diagnosis of MS at a cutoff value of 45% and can serve as an 
important diagnostic biomarker to differentiate MS from its mimics.
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