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Central Vein Sign in Multiple Sclerosis: A Comparison Study
of the Diagnostic Performance of 3T versus 7T MRI

Lela Okromelidze, Vishal Patel, Rahul B. Singh, Alfonso S. Lopez Chiriboga, Shengzhen Tao, Xiangzhi Zhou,
Sina Straub, Erin M. Westerhold, Vivek Gupta, Amit K. Agarwal, John V. Murray, Amit Desai, S.J.S. Sandhu,

I. Vanessa Marin Collazo, and Erik H. Middlebrooks

ABSTRACT

BACKGROUND AND PURPOSE: An early and accurate diagnosis of multiple sclerosis remains challenging in clinical neurology.

Established diagnostic methods have less than desirable sensitivity and specificity. An accurate, noninvasive diagnostic test for MS

could have a major impact on diagnostic criteria. We compared the frequency of detection of the central vein sign (CVS) in white

matter lesions of MS and controls on 7T T2*-weighted and SWI to 3T SWI. Additionally, we assessed the diagnostic performance

of 7T T2*, 7T SWI, and 3T SWI for MS.

MATERIALS AND METHODS: A retrospective case-control study was performed of patients with MS having both 7T MRI and 3T

MRI. A control group of patients without MS was selected. Diagnosis of MS was established by board-certified neurologists with

fellowship training in autoimmune neurology in line with the 2017 McDonald criteria. Percentage of lesions with a CVS was blindly

measured for each technique. Diagnostic performance was computed by sensitivity, specificity, and positive and negative likelihood

ratios (LRs).

RESULTS: Sixty-one patients with MS (903 lesions) and 39 controls (1088 lesions) were included. 7T T2* showed significantly more CVS

(87%) than both 7T SWI (73%) and 3T SWI (31%) (all P, .001). CVS was identified in the control group in #6% of lesions on all sequen-

ces. Using a threshold of .40% of lesions with CVS on 7T T2* and .15% on 7T SWI, both sequences had an accuracy¼ 100%,

sensitivity¼ 100%, specificity¼ 100%, infinite positive LR, and zero negative LR. Using an optimal threshold of .12%, 3T SWI had an

accuracy¼ 96.0%, sensitivity¼ 93.4%, specificity¼ 100%, infinite positive LR, and negative LR¼ 0.066.

CONCLUSIONS: 7T MRI had 100% sensitivity and specificity for the diagnosis of MS and is superior to 3T. Future revisions to MS
diagnostic criteria may consider recommendations for 7T MRI and inclusion of CVS as a biomarker.

ABBREVIATIONS: AUC ¼ area under the curve; CVS ¼ central vein sign; DIR ¼ double inversion recovery; ROC ¼ receiver operating characteristic; T2*WI ¼
T2*-weighted imaging

Multiple sclerosis is one of the most common and debilitat-
ing autoimmune conditions of the central nervous sys-

tem.1 With continued evolution of biomarkers, the ability to
accurately diagnose MS has improved, yet there remains a gap
in early diagnosis for subsets of patients.1 MRI is one of the pri-
mary diagnostic tools, as outlined in the McDonald criteria of
the International Panel on Diagnosis of MS,2 but many patients
may lack the fully defined MRI features for diagnosis, particu-
larly at initial presentation or early in the disease course.

Nonspecific, nonenhancing WM lesions are frequently the only
finding, which have broad overlap with other causes, such as
small-vessel ischemic demyelination, migraine, or other etiologies.
Unfortunately, this overlap also commonly leads to the erroneous
diagnosis of MS, highlighting the need for a biomarker with both
high negative and positive predictive value. One of the more com-
monly studied imaging biomarkers has been the central vein sign
(CVS). Given the promise of CVS in MS, the North American
Imaging in Multiple Sclerosis Cooperative recently issued a con-
sensus statement calling for further research on this topic.3

The perivenular relationship of MS demyelinating plaques has
been known from histologic literature for decades4 and is thought
to represent one of the most histologically specific features of MS.
The identification of CVS on MRI would therefore be a potentially
powerful biomarker for the diagnosis of MS. Recent studies have
reported the potential value of CVS to differentiate MS from other
WM lesions, with a recent meta-analysis showing a pooled
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sensitivity and specificity of 95% and 92%, respectively.5 However,
there was a wide range of reported sensitivity and specificity, with
variations in definitions, MRI sequences, MRI field strength, and
many other factors. While 3TMRI was significantly better at identi-
fying CVS compared with 1.5T,5 there has been increased interest
in even higher field MRI, such as 7T. To date, several smaller stud-
ies have shown the ability of 7T to detect CVS in MS lesions;6-15

however, a meta-analysis failed to show a significant advantage over
3T.5 Additionally, only a few, small studies have compared MS to
other WM lesions to determine the accuracy of 7T in diagnosing
MS.8,11,15 There are also very limited data directly comparing the
accuracy of 3T to 7T and only in a small number of patients.10,16

There have also been a variety of sequences used in identifica-
tion of CVS. At 1.5 and 3T, SWI has been the most commonly
reported study due to its sensitivity to susceptibility with
increased visibility of veins.5 At 7T, T2*-weighted imaging
(T2*WI) has also been frequently reported and offers some
advantages at 7T.7,12,14 While no 7T studies have directly com-
pared these approaches, studies using these sequences have
reported mixed results with varying percentages of lesions with
CVS.6-15 To date, there is no clear consensus on the optimal
imaging sequence for CVS detection at 7T.

In this retrospective study, we directly compare the utility of
3T SWI, 7T SWI, and T2*WI in detecting CVS. In addition, we
assess the ability of CVS to differentiate MS from nonspecific
WM lesions in patients without MS (presumed vascular origin)
in a large cohort of patients. We hypothesize that 7T is superior
to 3T in detecting CVS and has greater accuracy in diagnosing
MS. We also hypothesize that 7T T2*WI, configured with a
higher in-plane resolution and longer TE, is superior to 7T SWI
in detecting CVS and diagnosing MS.

MATERIALS AND METHODS
Patient Selection
This retrospective study was approved by Mayo Clinic Institutional
Review Board. Search of an institutional database was performed
covering the period from 2021–2023 to identify patients who had
undergone a 7T brain MRI imaging with both 3D SWI and 2D
gradient-echo T2*WI sequences.

The MS group was retrospectively selected from consecutive
patients .18 years of age who were evaluated at the Mayo Clinic
neurology department for possible MS. Patients were included if
they were determined to have a final diagnosis of MS after evalua-
tion by 1 of 2 board-certified neurologists who specialize in MS
and completed fellowship training in autoimmune neurology.
The patient’s clinical history, physical examination, and results of

standard testing were all used to arrive at a final diagnosis in line
with the 2017 revisions to the McDonald criteria.2 Inclusion crite-
ria also included having a 3T MRI with SWI, which is the most
commonly utilized clinical sequence in the literature. A control
group was selected from patients who had no history, physical
examination, or laboratory findings that suggested an inflamma-
tory demyelinating disorder and had WM lesions of presumed
vascular origin (eg, patients imaged with a wide range of non-
MS disorders, including migraine, small-vessel vascular disease,
epilepsy, etc). Images were manually assessed for quality, and
patients were excluded if any of the 3 sequences had excessive
motion artifacts. Pertinent clinical data were collected.

MRI Data Acquisition
The 7T 3D SWI and double inversion recovery (DIR) scans and 2D
T2*WI scans were performed on a Magnetom Terra (Siemens)
equipped with a 8-channel transmit 32-channel receive head coil
(Nova Medical) under “TrueForm” B1 transmit mode. The 3T SWI
and FLAIR scans were performed on Prisma, Vida or Skyra
(Siemens) machines equipped with a 64-, 32-, or 20-channel
receive head coil. Sequence parameters are listed in Table 1. The
product SWI sequence and inline processing were used to create
SWI, with 4 times of phase mask multiplication, consistent with
standard reported practice.17

Image Analysis
All SWI was independently reviewed in conjunction with coregis-
tered (affine registration with 6 degrees of freedom) DIR for 7T
or FLAIR images for 3T to identify WM lesions. The T2*WI
allowed adequate visualization of lesions due to its greater T2
weighting. Only lesions that were present on both the 7T and 3T
examinations were evaluated for CVS. Lesions were counted for
subcortical (,5 mm from cortex), deep (.5 mm from cortex
and not contacting the ventricle margin), and periventricular
locations and assessed for the presence or absence of CVS.3

Lesions in the posterior fossa and cortical lesions were excluded
from the analysis. We excluded confluent periventricular WM
lesions where round/ovoid borders of individual lesions were not
discriminated, which limits determination of CVS. In contrast to
prior guidelines derived for 1.5 and 3T MRI,3 all lesions were
included with no restrictions on minimum lesion size. The
images were retrospectively reviewed by a board-certified neuro-
radiologist (8 years of experience and .2 years of experience
reading a high volume of clinical 7T MRI cases) who was blinded
to the clinical diagnosis.

To assess interrater reliability, 3 board-certified neuroradiolo-
gists (13 and 14 years of experience) with clinical 7T MRI

Table 1: 7T and 3T sequence parameters

TR/TE (ms) TI (ms) FA (degree) Voxel Size (mm3) iPAT BW (Hz/Pix) TA (m:s) Dimension
7T T2*WI 1040/20.8 NA 52 0.1 � 0.1 � 1.5 3 50 8:03 2D
7T SWI 21/14 NA 15 0.2 � 0.2 � 1.2 3 140 5:11 3D
7T DIR 8000/408 3400 (TI1)

620 (TI2)
T2 VFA 0.4 � 0.4 � 0.9 3 (PE)

2 (SE)
698 7:22 3D

3T SWI 25/18 NA 15 0.9 � 0.9 � 2 2 120 4:32 3D
3T FLAIR 4800/440 1550 T2 VFA 0.9 � 0.9 � 1.0 2 781 5:38 3D

Note:—FA indicates flip angle; iPAT, integrated parallel acquisition techniques; BW, bandwidth; TA, time of acquisition; VFA, variable flip angle; PE, phase encoding direc-
tion; SE, section encoding direction.
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experience each rated 60 randomly selected lesions (randomiza-
tion constrained to select 30 lesions from patients with MS and
30 from controls, with 20 lesions each from 3T SWI, 7T SWI, and
7T T2*WI sequences).

Statistical Analysis
We refer to each combination of magnetic field strength and
imaging sequence as a “technique”; these are 3T SWI, 7T SWI,
and 7T T2*WI and serve as the independent variables in our
analyses. In each subject, for each technique, we computed the
fraction of lesions exhibiting the CVS, and this served as the de-
pendent variable in our analyses. We first examined the ability of
each technique to distinguish between patients with MS and con-
trols by using independent-samples t-tests (the Mann-Whitney U
test was substituted when analyzing the 3T SWI technique
because the outcome variable was found to be not normally dis-
tributed in control subjects). We then evaluated whether the 3
techniques were equivalent in their ability to detect the CVS in

the MS population by using 1-way repeated-measures ANOVA.
As that null hypothesis was rejected, we further compared the 3
techniques pair-wise by using paired t-tests to determine exactly
which techniques were significantly different (corrected P, .05).

To evaluate the performance of the techniques in evaluating
MS cases, we plotted receiver operating characteristic (ROC)
curves generated by computationally varying the diagnostic thresh-
old for the fraction of lesions exhibiting CVS. We computed the
area under the curve (AUC) for each ROC plot. For the point on
each ROC curve corresponding to the highest test accuracy, we
also computed the test sensitivity, specificity, and positive and
negative likelihood ratios. AUCs were statistically compared by
using the DeLong nonparametric technique. Interrater reliability
was calculated as Fleiss k statistic. The statistic was computed for
all lesions in aggregate as well as stratified by imaging technique.

RESULTS
Clinical Data
Of 161 screened patients, we identified 61 patients with MS
meeting inclusion criteria. A control group of 39 patients was
also identified meeting inclusion criteria. A total of 903 lesions
were detected in patients with MS versus 1088 in the control
group. Demographic and lesion data are shown in Table 2.

Identification of CVS by MRI Field Strength
One-way repeated-measures ANOVA established nonequivalence
of the 3 techniques with regards to the fraction of lesions exhibit-
ing CVS in patients with MS (P, .001; Fig 1). Further pair-wise
testing revealed that 7T SWI demonstrated CVS significantly
more often than 3T SWI (73% versus 31% of lesions, respectively;
P, .001). 7T T2*WI showed the CVS even more frequently than
3T SWI (87% versus 31%, respectively; P, .001). In contrast,

CVS was not commonly identified in
the control group, with only 2%, 5%,
and 6% of lesions having CVS on 3T
SWI, 7T SWI, and 7T T2*WI, respec-
tively (Figs 1 and 2).

CVS inWM Lesions of Patients with
MS versus Controls
For all techniques, we found that a stat-
istically greater fraction of WM lesions
demonstrated a CVS in patients with
MS relative to controls (P, .001 in
each case) (Figs 2 and 3). ROC curves
for each technique are provided in
Figure 4. The ROC curve for the 3T
SWI technique had an AUC¼ 0.975.
The best diagnostic accuracy for the 3T
SWI technique was achieved by using a
threshold of .12% of lesions demon-
strating CVS. At this threshold, the 3T
SWI technique provided an accuracy of
96.0%, sensitivity of 93.4%, specificity
of 100%, infinite positive likelihood ra-
tio, and negative likelihood ratio of
0.066. ROC curves for both the 7T SWI

Table 2: Study group demographic and lesion data

MS Control P Value
Age .02

Mean (SD) 46.0 (11.8) 52.2 (13.7)
Median (Q1, Q3) 47 (35, 55) 53 (42, 63)

Sex
Female 48 36
Male 13 3

Mean lesion number
Subcortical (SD) 4.2 (2.9) 17.3 (20.6) ,.001
Deep (SD) 5.0 (4.4) 8.2 (7.4) .03
Periventricular (SD) 5.6 (5.6) 2.4 (3.7) ,.001
Total (SD) 27.9 (27.9) 14.8 (11.2) .04

Subjects with#5
lesions, n (%)

16 (26.2%) 5 (12.8%)

FIG 1. CVS by MRI field strength. A, 7T T2* shows a subtle central vein (arrow) that is not well
seen on (B) 7T SWI or (C) 3T SWI. D, 7T T2* shows a central vein (arrow) in a small subcortical
lesion that is not well seen on (E) 7T SWI or (F) 3T SWI.
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and 7T T2*WI techniques had an AUC¼ 1.0, indicating the pres-
ence of perfect discrimination thresholds for the separation of
our population of MS and control cases based on the fraction of
lesions demonstrating the CVS. The best diagnostic accuracy for
the 7T SWI technique was achieved by using a threshold of
.15% of lesions demonstrating CVS, while a cutoff of .40%

provided the greatest separation for the 7T T2*WI technique. As
expected from the ROC analysis, at these thresholds, the ultra-
high-field methods had accuracies, sensitivities, and specificities
of 100%, infinite positive likelihood ratios, and zero negative like-
lihood ratios. AUCs for both the 7T SWI and 7T T2*WI techniques
were statistically greater than the AUC for 3T SWI (P¼ .0415 in
both cases).

Performance of 7T SWI versus 7T T2*WI
The 7T T2*WI was significantly superior to 7T SWI for detection
of CVS, with 87% of lesions having CVS on T2*WI versus 73% on
7T SWI (P, .001). The difference in CVS detection rates between
7T T2*WI and 7T SWI for both MS and control groups led to dif-
ferences in the optimal cutoff threshold of .40% versus .15%,
respectively. Nevertheless, the diagnostic performance for both
sequences was identical with an AUC ¼ 1.0, accuracy ¼ 100%,
sensitivity ¼ 100%, specificity ¼ 100%, infinite positive likelihood
ratios, and zero negative likelihood ratios.

Impact of Lesion Location on CVS
In the MS group, lesions were most commonly periventricular in
location with subcortical lesions being least common (Table 3).
In contrast, the control group most frequently had deep lesions
with periventricular lesions being least common. Percentages of
lesions with CVS for each region are shown in Table 3. For the
MS group, the percentage of lesions with CVS was greatest in
periventricular lesions followed by deep then subcortical lesions
across all techniques.

Interrater Reliability in CVS Detection
Interrater reliability for CVS detection between 3 neuroradiolo-
gists was very high in our data set. Across all assessed lesions,
Fleiss k for CVS presence was 0.887. Agreement remained high
when each imaging technique was considered separately, with
Fleiss k 1.000 for 3T SWI, 0.794 for 7T SWI, and 0.859 for 7T
T2*WI (P, .001 in all cases).

DISCUSSION
To our knowledge, our study is the largest cohort of patients with
MS versus controls that have been evaluated for CVS at 7T.
Likewise, our study is unique in directly comparing 2 of the most
common 7T imaging sequences, SWI and T2*WI. Our results

show that 7T SWI and T2* (73% and
87% of lesions, respectively) showed
significantly more CVSs than 3T (31%).
Additionally, comparing the T2*WI
and SWI sequences used in this study,
we found that the T2*WI sequence was
superior to the SWI sequence in detect-
ing CVS at 7T, as configured in our
study. Despite the increased detection
of CVS, both 7T techniques were 100%
accurate (AUC¼ 1.0) for diagnosing
MS fromWM lesions of presumed vas-
cular origin, which was superior to 3T
(AUC¼ 0.975). CVS is a useful bio-
marker for the diagnosis or exclusion

FIG 2. Fraction of WM lesions exhibiting the CVS by MR technique.
Regardless of MR technique, a significantly greater proportion of
lesions in patients with MS exhibit the CVS compared with those in
control subjects. Additionally, in patients with MS, the 7T T2* tech-
nique reveals a greater proportion of lesions with CVS compared
with 7T SWI, which in turn depicts the CVS more often than 3T SWI.

FIG 3. A, Axial 7T T2* in a patient with WM lesions of presumed vas-
cular origin shows no CVS in any of the lesions. B, Axial 7T T2* image
in a patient with MS showing CVS in all visible lesions.

FIG 4. ROC curves for discriminating MS from non-MS cases based on fraction of lesions exhibit-
ing the CVS. In our cohort, 3T SWI achieved accuracy of 96% at the optimal threshold, while
both 7T SWI and 7T T2* techniques provided perfect separation of MS and non-MS cases.
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of MS. While 3T had good sensitivity, 7T was superior in both
detection of CVS and in accuracy of identifying patients with MS.

Despite advances in laboratory biomarkers and multiple revi-
sions to diagnostic criteria, the diagnosis or exclusion of MS
remains a frequent clinical challenge. Compared with the 2010
version, the revised McDonald criteria in 2017 were shown to
have a higher sensitivity (increased from 41% to 85%), but lower
specificity (decreased from 85% to 63%).18 Additionally, common
laboratory biomarkers also have trade-offs in diagnostic accuracy,
such as k free light chain index (88% sensitivity; 83% specificity)
and oligoclonal bands (82% sensitivity; 92% specificity).19 Given
the need for better biomarkers, there has been increasing interest
in MRI morphologic characteristics. Among these, CVS has been
one of the more promising biomarkers, with a recent meta-analy-
sis showing a pooled sensitivity of 95% and specificity of 92%.5

However, small 7T studies in this pooled analysis were major
drivers of the increased performance, with many 3T studies
showing poorer sensitivity and specificity. Despite this, the meta-
analysis failed to show a significant advantage of 7T over 3T in
detecting CVS, which likely reflects a lack of power or lack of
direct comparison studies.5 However, there are a number of in-
herent biases in the studies included in the meta-analysis. Many
3T studies that reported a wide range of CVS limited their assess-
ment of CVS to only larger lesions, which likely inflated the per-
centage of lesions reported to have CVS at 3T.5 Such size criteria
have been arbitrarily applied based on expert opinion, but largely
from data at 1.5T or 3T. While CVS detection is higher in larger
lesions, this does not equate to histopathology where small lesions
possess a CVS. Indeed, more than one-half of lesions with no
CVS identified on ultra-high-resolution ex vivo scanning had a
CVS histologically, and these lesions had a smaller mean lesion
size.20 When not reporting a size limit, CVS detection at 3T was
similar to our results suggesting that many studies have an over-
estimation of CVS by restricting to only larger lesions.7 By
directly comparing 3T and 7T, we show that 7T is not only supe-
rior in detecting CVS but also outperforms 3T in diagnosing MS
fromWM lesions of presumed vascular origin. In our ROC anal-
ysis, at the optimal CVS prevalence threshold, up to 6.6% of
patients with MS were classified as false-negatives with 3T imag-
ing. Given the potential for disease progression and disability
associated with untreated MS, we believe it is worthwhile to pur-
sue 7T imaging in uncertain cases with negative 3T MRI, or even
as the initial imaging if local availability permits.

Interestingly, we found an identical optimal threshold value
(.40% of lesions with CVS) for 100% sensitivity and specificity
in the 7T T2*WI as one of the few prior studies assessing CVS in
diagnosing MS in a cohort of 28 patients with MS.11 In a smaller

cohort of 13 patients, Mistry et al8 attempted to replicate this
threshold value of .40% of lesions having CVS by using T2*WI
and also found 100% sensitivity and specificity. However,
Kilsdonk et al15 used T2*WI in a cohort of 16 patients with MS
and found a cutoff of.52% of lesions with CVS with a sensitivity
and specificity of only 88%. Notably, their CVS detection rate was
much lower (74%) than our cohort and the studies by Tallantyre
et al11 and Mistry et al,8 suggesting that the imaging methods
may vary. The cutoff of.40% was also independently found in a
pooled meta-analysis of 3T and 7T T2*WI.5 There are limited
data on optimal cutoffs for 7T SWI, and we show that these opti-
mal values differ depending on the technique used. While .40%
of lesions with CVS appears to be optimal for T2*WI in multiple
studies, the SWI threshold was lower at .15% for 7T and .12%
for 3T. The difference in cutoff thresholds between T2*WI and
SWI techniques at 7T could be related to the differences in pulse
sequence parameters. Dixon et al16 have shown that vessel orien-
tation and various acquisition settings (eg, spatial resolution, TE,
and application of phase mask) can affect the sensitivity to
smaller veins. The higher cutoff with T2*WI sequence suggests a
higher sensitivity to small veins compared with SWI used in this
study for the given imaging parameters.

Our results also show that the ability to detect CVS varies by
lesion location, with all techniques showing a fewer percentage of
subcortical lesions with CVS. There were a greater number of
lesions with CVS on T2*WI versus SWI, which may be in part due
to technique, such as the longer TE for the T2*WI sequence, higher
in-plane spatial resolution, lower pixel bandwidth, and smaller
imaging slab. Nevertheless, there were fewer subcortical lesions
with CVS even on 7T T2*WI compared with deep and periventric-
ular lesions. Tallantyre et al12 and Hosseini et al14 also found simi-
lar results with subcortical lesions being least likely to have CVS on
T2*WI. It is possible that even at 7T with higher in-plane resolu-
tion, the more peripheral medullary veins remain too small to visu-
alize. Alternatively, because there is a higher incidence of WM
lesions of presumed vascular origin in the subcortical regions,21,22

there may be a coexistence of MS-related demyelinating plaques
and other causes of WM lesions in patients with MS. Hosseini et
al14 suggested that their multiecho SWI technique with a maxi-
mum TE of 26.22ms and an in-plane resolution of 0.5mm was
superior to prior T2*WI studies at 7T in detecting small CVS.
Meanwhile, in this study, the 7T T2*WI sequence with a TE of
20.8ms and higher in-plane resolution was superior to the 7T SWI
(TE¼14ms) as well as the results reported by Hosseini et al,14

with CVS detected in 94% of periventricular, 90% of deep, and
73% of subcortical lesions. This highlights the role of higher in-
plane spatial resolution and better T2* weighting in detecting CVS.

Table 3: Number of WM lesions with CVS for each technique relative to lesion location

Study Groups
Imaging

Technique
Periventricular
[CVS/total (%)]

Deep
[CVS/total (%)]

Subcortical
[CVS/total (%)]

Total
[CVS/total (%)]

MS 3T SWI 139/340 (41) 100/305 (33) 42/258 (16) 281/903 (31)
7T SWI 286/340 (84) 241/305 (79) 132/258 (51) 659/903 (73)
7T T2*WI 320/340 (94) 274/305 (90) 188/258 (73) 782/903 (87)

Control group 3T SWI 5/93 (5) 15/320 (5) 5/675 (1) 25/1088 (2)
7T SWI 6/93 (6) 27/320 (8) 17/675 (3) 50/1088 (5)
7T T2*WI 6/93 (6) 31/320 (10) 29/675 (4) 66/1088 (6)
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The detection of CVS in these small subcortical lesions is critical
because smaller lesions are significantly less likely to have a central
vein detected on MRI.10 Because many studies at 1.5T and 3TMRI
restricted their analysis only to large lesions (often.3 mm) due to
limited sensitivity and specificity at lower field strength, the sensi-
tivity may be reduced because many patients with MS may pres-
ent with only smaller lesions.5

We suggest that 7T should be preferred for evaluation of MS,
particularly when combined with other advantages, such as
increased prevalence of paramagnetic rim sign23 and improved
detection of cortical lesions.24 In this study, the used T2*WI was
preferable to SWI due to better CVS detection, but both were
100% accurate. However, the used T2*WI protocol was advanta-
geous by its better inherent depiction of the WM lesion compared
with SWI due to the longer TE and better in-plane resolution. To
enhance lesion visibility, others have proposed fused techniques,
such as FLAIR*:15 however, this approach is dependent on addi-
tional image processing and may be vulnerable to inaccuracies in
registration at 7T due to differences in susceptibility-induced dis-
tortions between T2*WI/SWI and 3D turbo spin-echo sequences,
such as FLAIR. 7T T2*WI has also been shown to be a highly reli-
able technique with perfect interrater agreement (mean [SE]
Cohen k coefficient, 1.000 [0.000]).8

Our study does have several limitations. First, we restricted
the analysis to patients with a confirmed diagnosis of MS, which
may have excluded patients with less typical presentations or
other autoimmune demyelinating conditions. Further studies will
be needed to assess the role of 7T in differentiating other autoim-
mune demyelinating disorders. Second, due to the retrospective
nature of the study, a direct comparison with various other bio-
markers is difficult due to the heterogeneity of available data.

CONCLUSIONS
In a large cohort of patients with MS, we show that 7T is superior to
3T in the detection of CVS and more accurate in diagnosing
patients with MS. With 100% sensitivity and specificity for the diag-
nosis of MS, 7T is a powerful biomarker in the evaluation of patients
with possible MS. In addition, we show that the 7T T2*WI sequence
with higher in-plane resolution and T2* weighting is superior to the
7T SWI sequence used in this study in detecting CVS; however,
both sequences had 100% accuracy in diagnosing MS. Optimal
thresholds for the diagnosis of MS varied by technique, with 3T
SWI, 7T SWI, and 7T T2*WI having optimal thresholds of CVS
lesions of.12%,.15%, and.40%, respectively.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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