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Abstract

The widespread use of magnetic resonance imaging (MRI) has led to an increase in inci-
dental findings in the central nervous system. Radiologically isolated syndrome (RIS) is a
condition where imaging reveals lesions suggestive of demyelinating disease without any
clinical episodes consistent with multiple sclerosis (MS). The prognosis for RIS patients
is uncertain, with some remaining asymptomatic while others progress to MS. Several
risk factors for disease progression have been identified, including male sex, younger
age at diagnosis, and spinal cord lesions. This article reviews two promising biomarkers,
the central vein sign (CVS) and the paramagnetic rim sign (PRS), and their potential role
in the diagnosis and prognosis of MS and RIS. Both CVS and PRS have been shown to be
accurate diagnostic markers in MS, with high sensitivity and specificity, and have been
useful in distinguishing MS from other disorders. Further research is needed to validate

these findings and determine the clinical utility of these biomarkers in routine practice.
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INTRODUCTION

With advances in neuroimaging techniques, incidental findings of
white matter lesions (WMLs) in the central nervous system (CNS)
are becoming increasingly common [1]. This raises the question of
how physicians should handle and counsel patients with such find-
ings. Amongst these incidentalomas is the radiologically isolated
syndrome (RIS), which has been defined by Okuda et al. [2] to char-
acterize asymptomatic individuals with incidentally detected WMLs
highly indicative of multiple sclerosis (MS). It has been demonstrated
that some of these RIS patients go on to develop MS, suggesting
that RIS may occasionally be thought of as a preclinical stage of MS.

While its prevalence remains unknown, postmortem studies have
estimated RIS incidence to range from 0.05% to 0.7% [3]. Another
study conducted on a Swedish cohort reported an incidence of 0.1%
in adults, equating to around 0.8 per 100,000 person-years [4]. RIS

patients typically present with non-specific neurological symptoms

central vein sign, magnetic resonance imaging, multiple sclerosis, paramagnetic rim sign,
radiologically isolated syndrome, T2*-weighted images

with headache being the most commonly reported symptom [3].
They subsequently undergo brain or spine magnetic resonance im-
aging (MRI) as part of their diagnostic workup, revealing character-
istic radiologic abnormalities that fulfill the same diagnostic criteria
as MS lesions, initially referred to as Barkhof criteria [5]. The latter
focused on the overall number of WMLs in different CNS areas. The
2017 McDonald criteria placed greater emphasis on the distribution
of demyelinating lesions in the different cortical/spinal areas (i.e.,
dissemination in space [DIS]) as well as their occurrence at different
points in time (i.e., dissemination in time) [6].

Although they did not address RIS specifically, the Magnetic
Resonance Imaging in MS (MAGNIMS) consensus group sug-
gested that the same criteria should be applied to RIS as well [7].
Consequently, the diagnosis of RIS is now based on the presence
of ovoid, homogenous, well-defined T2-hyperintense lesions in at
least two of the following topographies: periventricular, cortical/

juxtacortical, spinal cord, and infratentorial [6]. It is important to
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note that a sole MRI finding is not enough to diagnose RIS, as a
detailed clinical history and a thorough neurological examination
should be performed to rule out any clinical evidence of other dis-
eases, notably MS [7].

The prognosis of patients with RIS is also a subject of debate.
Some studies have shown that up to 45% of patients with RIS de-
velop clinical symptoms within 2.5-5years of diagnosis [8] and
share the same profile as classical MS patients after conversion [9].
Conversely, other studies have suggested that some RIS patients
remain asymptomatic their whole life and thus the risks associated
with treatment outweigh the benefits [10]. Since the description of
this entity, many questions have been raised and many remain unan-
swered. This applies to RIS diagnosis, prognosis, and the necessity
of treatment initiation at that early stage. Indeed, in terms of clini-
cal management, weighing the risks and benefits of early interven-
tion in RIS patients with a high risk of conversion to MS is crucial.
Some studies have shown that early initiation of disease-modifying
therapies (DMTs) can postpone the onset of clinical symptoms and
decrease the risk of disability progression in patients with RIS who
convert to MS [2]. The possible risks of long-term DMT use, which
include adverse effects and financial burden, should also be consid-
ered, as RIS patients may go years or even their entire lives without
experiencing any symptoms. Continued research into the identifica-
tion of specific patient characteristics and biomarkers that can help
identify which RIS patients are most likely to convert to MS is also
necessary to tailor management strategies to individual patients.

Why are RIS patients asymptomatic? How can we prove that
they are truly asymptomatic? How can we estimate the risk of con-
version to MS? Research is now focused on detecting specific indica-
tors that can help physicians prevent misdiagnosis, enhance medical
counseling, and offer appropriate follow-up recommendations and
management plans. Among these are the central vein sign (CVS) and
the paramagnetic rim sign (PRS) which are both regarded as poten-
tial biomarkers to distinguish between RIS and other mimickers. This
review aims to discuss these markers and their implication in the di-
agnosis and prognosis of MS to further elucidate their role in RIS.

DISEASE PROGRESSION

Several studies have identified regional brain atrophy in RIS patients,
particularly in the thalamus [11] and cerebellum [12]. This indicates
that RIS patients harbor chronic lesions that could potentially in-
crease their risk of cognitive and functional decline compared to
healthy individuals [13]. The RIS Consortium (RISC) reported an es-
timated risk of developing a first clinical event of 34% at 5years [8]
and 51.2% at 10years [14]. Predicting RIS evolution into MS has im-
portance for follow-up and therapeutic strategies for effective care.
Several risk factors have been identified including male sex, younger
age at diagnosis (<37 years), a higher number of lesions, as well as
infratentorial and spinal cord lesions [5].

Okuda et al. conducted the largest retrospective study to date
on RIS patients that included 451 patients from 22 centers in five

different countries. Their multivariate analysis revealed that male
sex, younger age, and the presence of cervical/thoracic spinal cord
lesions were the most important risk factors for clinical progression
[8]. Having all three risk factors increased the 5-year risk of clini-
cal progression to MS to 90%. Moreover, RIS patients with brain
and cervical spinal cord lesions are more prone to develop acute or
progressive clinical symptoms compared to those with brain lesions
only. Indeed, of those who had cervical spinal cord lesions, 84%
progressed to clinically isolated syndrome or primary progressive
MS (sensitivity, specificity, and positive predictive value of 87.5%,
91.5%, and 84.0%, respectively) [15]. The presence of gadolinium-
enhanced lesions (Gd+) at initial or follow-up scans has also been
reported as a predictor of conversion to MS [8, 16].

Additionally, Matute-Blanch et al. investigated the prognostic
value of immunoglobulin G (IgG) oligoclonal bands and neurofila-
ment light chains (NfL) in the cerebrospinal fluid (CSF) of RIS patients
at baseline and identified both as independent predictors of con-
version to MS. Oligoclonal bands and NfL were also associated with
shorter time to MS development [17]. Similarly, several ophthalmic
findings have also been correlated with a higher risk of clinical pro-
gression in RIS patients. Among them are pathological visual evoked
potentials [18], optic nerve demyelination, as well as thinning of the
peripapillary retinal nerve fiber layer, the common ganglion cell, and
inner plexiform layer on optical coherence tomography [19].

Lastly, although being predominantly a sporadic disease, MS has
been associated with a genetic predisposition [20]. People with a
first-degree relative affected by MS are 30-50 times more likely to
develop MS compared to the general population [21]. This seems to
apply to RIS as well. Gabelic et al. [22] showed that the frequency of
RIS in healthy relatives of MS patients (10.3%) is significantly higher
compared to those with no family history of MS (3.7%). Moreover,
several studies have consistently suggested that some viruses may be
linked to MS. These include the Epstein-Barr virus (EBV), varicella-
zoster virus (VZV) and human herpesvirus 6 (HHV-6) among others
[23]. In fact, research demonstrates that having a history of infec-
tious mononucleosis considerably raises the likelihood of developing
MS, with almost all MS patients being EBV seropositive [24, 25].

Nonetheless, despite the identification of the various risk factors
for MS conversion, there is still no established scoring system with a
high specificity and sensitivity that would allow a proper estimation
of the individual risk of disease progression in RIS. Indeed, a com-
bination of various risk factors, including imaging markers like CVS
and PRS, could potentially enhance the accuracy of predicting RIS
evolution into MS. Further research is, however, needed to develop
a comprehensive scoring system that incorporates these factors and

improves the clinical management of RIS patients.

THE CENTRAL VEIN SIGN

The CVS is a phenomenon observed on susceptibility-weighted im-
aging (SWI) or T2* sequence, in which a vein is visualized within a
WML as a hypointense signal surrounded by a hyperintense lesion
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[26]. Although the discovery of the association between MS plaques
and blood vessels is not new, with studies as early as the 1860s mak-
ing note of it [27], it was not until the advent of high-field strength
MRI scanning that the central nature of venules in MS lesions was
highlighted, further confirming previous observations made in vivo
[28, 29].

In 2016, the North American Imaging in Multiple Sclerosis
(NAIMS) Cooperative provided a universal definition of CVS, charac-
terized by the following properties on T2*weighted images (T2*WI):
it should appear as a thin hypointense line or small hypointense dot;
it should be visualized in at least two perpendicular MRI planes and
appear as a thin line in at least one plane; it should have a small ap-
parent diameter (<2mm) in a lesion larger than 3mm; and it should
run partially or entirely through the lesion and should be positioned
equidistantly from its edges. Exclusion criteria included lesions that
are less than 3mm, confluent or merged, poorly visible, and contain
multiple distinct veins [30].

The CVS has been implemented in various ways to improve the
diagnostic accuracy of MS, including the 40% rule initially proposed
by Tallantyre et al. in 2011. This rule uses the number of MS lesions
with CVS as a fraction of the total number of lesions to radiologically
distinguish MS from non-MS patients: If more than 40% of lesions
are CVS-positive (CVS+), then it is considered consistent with MS
[31]. Having 40% of lesions perivenular was associated with 97%
accuracy, 96% positivity, and 100% negative predictive value [30].
Other rules involving varying cutoffs were also developed includ-
ing the 50% rule established by Maggi et al. in 2018 [32], the three-
lesion rule by Solomon et al. in 2016 [33], and the six-lesion rule by
Mistry et al. in 2016 [34].

The CVS has gained traction as a specific and sensitive diagnos-
tic biomarker for MS. In a 2019 systematic review, Suh et al. [35]
reported that the incidence of CVS on T2*WI in MS patients was
74%, with a sensitivity of 98% and a specificity of 97%. Other stud-
ies have also demonstrated the utility of CVS as a diagnostic marker,
particularly for atypical MS cases [30, 32, 36]. Maggi et al. [36] re-
cruited patients with suspected MS and found that 86% of those
who received an MS diagnosis had CVS compared to 21% in those
who were MS-free, highlighting the value of CVS as a diagnostic bio-
marker. In addition, CVS has been shown to help differentiate MS
from its mimickers, notably neuromyelitis optica spectrum disorder
(NMOSD) where a low frequency of central vein lesions is found
[37-39]. The diagnostic value of CVS has also been evaluated in the
context of MS misdiagnosis. Kaisey et al. found that a CVS lesion
threshold of 29% or higher had high sensitivity (0.79) and specificity
(0.88) for MS, correctly identifying 87% of patients previously mis-
diagnosed as MS [40]. This is substantial as up to 20% of patients
referred to MS centers with a previous diagnosis of MS are misdi-
agnosed [41].

Identifying new WML in MS patients is crucial for determin-
ing the need for treatment modification. Al-Louzi et al. [42] found
that most new lesions in MS patients are CVS+, and younger age
and higher CVS load at baseline are associated with an increased
risk of new CVS+ lesions. This suggests that CVS can serve as a

prognostic marker in MS, aiding in the identification of disease
progression.

Extensive research on CVS in MS has raised the question of
whether it could be applied to RIS as well. Suthiphosuwan et al.
(2019) were among the first to investigate this hypothesis by per-
forming 3 Tesla (3T) brain and spine MRI on 20 RIS patients and
assessing their WMLs for CVS. They found that 75% of detected
WMLs were CVS+ with a median of 87% per case. Furthermore, 18
of the 20 participants had more than 40% CVS+ WMLs, indicating
that lesions in this subgroup result from perivenous inflammatory
demyelination. Correlations were also found between the propor-
tion of CVS+ lesions and spinal cord lesions, a known risk factor for
RIS progression to MS as previously mentioned [43]. These findings
suggest that CVS could be considered an additional risk factor in the
context of RIS progression to MS. \Another study that shed light
on the association between CVS and symptom progression in RIS
was conducted by Oh et al. in 2021. The researchers focused on
the relationship between CVS and cognitive impairment in RIS pa-
tients. They performed brain and spine MRIs on 27 RIS patients and
assessed their cognitive function using the Minimal Assessment of
Cognitive Function in MS (MACFIMS) battery. The results showed
that 93% of patients had more than 40% CVS+ WMLs, meeting the
MS threshold. Moreover, they showed that cognitive impairment
was common in RIS patients, with CVS being a strong predictor of
verbal memory performance [13]. This further supports the vital role
of CVS in RIS, not only as a diagnostic marker but as a prognostic

marker as well.

THE PARAMAGNETIC RIM SIGN

Multiple sclerosis is characterized by four main types of lesions:
acutely active, chronically active, inactive, and healed/remyelinated
lesions [44]. The PRS is a useful biomarker for distinguishing be-
tween these lesions and for diagnosing demyelinating diseases such
as MS. A lesion that is PRS-positive (PRS+) [45], and therefore re-
ferred to as a paramagnetic rim lesion (PRL) [46], appears as a hy-
pointense ring-like structure that surrounds a demyelinating lesion
[47]. Pathological analysis of PRS+ WMLs has shown that they are
characterized by iron-enriched microglia deposition. It is believed
that this accumulation results from the uptake of iron released in
response to injury to myelin and oligodendrocytes, which leads to
a prolonged pro-inflammatory environment and a failure of tissue
protection and remyelination [48, 49].

PRS+ WMLs are considered to be chronically active lesions and a
marker of ongoing tissue destruction and inflammation as they rep-
resent ongoing demyelination surrounding an inactive demyelinated
core [50-54]. This contrasts with chronic inactive lesions, which
have a sharp plaque border with no microglia/macrophages [55].
Another defining characteristic of PRS+ lesions is that they are more
likely to grow compared to lesions that do not have a rim. Dal-Bianco
et al. found that PRS+ lesions exhibit a distinct growing curve, with
a tendency to initially expand during the first few years, stabilize,
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and eventually diminish with time [56]. This contrasts with non-iron
lesions that tend to shrink over time. Additionally, the persistence
of PRS+ lesions for approximately 3months after formation (which
determines the time of the restoration of the blood-brain barrier)
suggests a failure of tissue repair and remyelination [54].

Besides PRS, slowly expanding lesions (SELs) serve as an addi-
tional indicator of chronically active lesions on MRl scans. In a recent
study by Calvi et al. [46], the prevalence of these lesions was found
to be significantly higher than that of PRS+ WMLs in MS patients,
surpassing them by a factor of 10. Furthermore, in secondary pro-
gressive MS patients, SELs accounted for nearly one-third of all T2
lesions [57].

The role of PRS in the diagnosis and prognosis of MS has been
extensively studied. Chronic active lesions have been identified as
one of the most common types of lesions in MS, constituting up to
30% of the total WMLs [55, 58]. Furthermore, at least one PRS+ le-
sion has been observed in the majority of MS patients, whether they
have relapsing or progressive MS [59, 60]. PRS has also been used
as a differentiating sign between MS and non-MS patients [61-66].

When it comes to prognosis, studies have shown that patients
with at least four iron-rim lesions have more severe brain atrophy,
earlier development of motor and cognitive impairment, and a 3.2-
fold higher prevalence of clinically progressive MS, indicating more
aggressive disease [49, 66]. Another study found that a higher pro-
portion of PRS+ WMLs in MS was associated with a higher overall
lesion load and a shorter time to reach disability milestones [58].
Moreover, it has been speculated that rim lesions have a more se-
vere Wallerian degeneration [67]. These findings suggest that PRS
may be a useful prognostic marker in MS and related diseases such
as clinically isolated syndrome (CIS), which is characterized by a
single episode of MS-like neurological symptoms caused by CNS
demyelination [68]. Indeed, a study by Clarke et al. [69] found that
around 20% of lesions in CIS patients were PRS+, compared to 0% in
patients with MS-mimickers, suggesting that the presence of PRS+
lesions may be associated with a higher risk of conversion to MS.
Similarly, the association between PRS+ lesions and a more unfavor-
able prognosis has been suggested for SELs also. Notably, SELs have
been linked to older age at baseline and longer disease duration,
both of which are established predictors of a poorer clinical outcome
in people with MS. Additionally, it has been demonstrated that the
coexistence of PRS+ WMLs and SELs is associated with greater clin-
ical progression and severity [46]. Furthermore, a study conducted
by Elliott et al. showed that when PRS+ lesions colocalize with SELs,
there is an increased extent of microstructural damage. SELs exhibit
ongoing tissue damage regardless of their colocalization with PRS+
lesions [70].

In patients with RIS, the diagnosis and treatment are less straight-
forward, making it important to determine the role of PRS. A study
by Suthiphosuwan et al. [45] found that 61% of patients with RIS
had at least one PRS+ WML and showed a positive correlation be-
tween PRS+ and CVS+ WMLs, as well as between PRS+ WMLs and
spinal cord lesions. This suggests that PRS may be a crucial marker
for determining the prognosis and disease progression of RIS to MS.

Moreover, a recent study by Oh et al. [13] found that PRS was the
strongest predictor of processing speed and memory impairment
on cognitive assessment tests in RIS patients, further supporting
the use of PRS as a prognostic marker in RIS. Taken together, these
studies suggest that PRS is an important diagnostic and prognostic
marker in MS and related diseases, including CIS and RIS. The accu-
mulation of chronic active lesions with persistent inflammation may
also provide a plausible missing link between WMLs and long-term

neurodegeneration.

DISCUSSION

Advances in diagnostic imaging techniques such as MRI have led
to an increase in disease detection, even in asymptomatic patients
[71]. While this is crucial for early detection and screening, it also
presents a challenge for physicians as it can lead to the discovery of
unknown pathologies such as RIS. The latter is characterized by the
incidental detection of demyelinating lesions similar to those seen in
the brain of MS patients [2]. Although patients with RIS are clinically
asymptomatic, approximately 50% of them develop MS symptoms
within 10years of initial diagnosis [14]. However, the other 50% re-
main asymptomatic throughout their lives, making treatment unnec-
essary and potentially harmful. Therefore, it is essential to identify
objective and reliable markers to classify RIS patients as high-risk
and manage them accordingly. This review focuses on two novel im-
aging biomarkers: CVS and PRS, which have been implicated in the
diagnosis and prognosis of MS and could potentially be used for RIS.

Risk factors associated with the conversion of RIS to MS can
be divided into three groups: (i) demographic characteristics such
as being male, having a young age at diagnosis (<37 years old),
and having a family history of MS; (ii) CSF markers, such as oli-
goclonal bands; and (iii) imaging markers, such as infratentorial/
spinal cord lesions and Gd+ lesions [5, 8]. We recommend adding
CVS+ and PRS+ lesions to the latter group, as our review iden-
tified these markers as both diagnostic and prognostic for RIS.
They increase the accuracy of RIS diagnosis, differentiate it from
other related pathologies, and may be associated with faster dis-
ease progression. Since CVS+ and PRS+ lesions have both been
found to correlate with spinal cord lesions, a known risk factor
for disease progression, we suggest considering them in the man-
agement plan of RIS patients as well [43, 45]. Despite increasing
evidence supporting the use of both these biomarkers in the as-
sessment of RIS patients, their clinical utilization is still limited due
to the time-consuming and operator-dependent nature of lesion
counting and frequency calculations [72]. Additionally, the lack of
consensus guidelines for imaging protocols further hinders their
implementation [73]. Despite efforts to standardize MRI use in
clinical practice [74-77], guidelines for CVS and PRS features are
still in the preliminary stages. Indeed, the absence of clear defini-
tions and standard MRI sequences for their detection contribute
to the challenges in utilizing these biomarkers. However, high-
resolution T2*W three-dimensional echoplanar imaging (3D-EPI)
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or fluid-attenuated inversion recovery (FLAIR*) sequences have
been identified as optimal for CVS detection [30, 78, 79], while
phase 3D-EPI, susceptibility weighted imaging (SWI), quantitative
susceptibility mapping (QSM), and multi-echo T2* gradient echo
(GRE) are recommended for PRS assessment [80]. Nonetheless,
these sequences are currently missing from diagnostic MR pro-
tocols. One possible solution is to leverage artificial intelligence
techniques, particularly machine learning, which can detect differ-
ences that may not be perceptible to the human eye [73]. Indeed,
so far, three methods have so far been proposed and developed for
the detection and classification of PRL features in MS [81-83], and
two for CVS [72, 84]. All achieved moderate to high sensitivity and
specificity but still relied on manual correction of lesions thereby
limiting their widespread use. While these automated techniques
for detecting PRS and CVS in WMLs have shown promising re-
sults, more research is needed to solidify the use of machine learn-
ing models in clinical practice. Other potential biomarkers are also
of interest and should be mentioned including high CSF levels of
interleukin-8 (IL-8) [85], presence of SELs, atrophy of the brain or
spinal cord, and so on [12, 86]. Finally, despite the advances in
the diagnosis of RIS, there is still considerable debate about the
management of affected patients. Treatment guidelines for this
evolving entity have not been universally adopted, and many cli-
nicians are hesitant to initiate prophylactic therapy due to the
potential harm of medications and the fact that not all patients
with RIS progress to MS. While initial therapy is generally not rec-
ommended, some experts recommend treatment initiation if new
lesions are detected over time [10, 87]. A consensus was made by
the MAGNIMS group in 2018 to have clinical and MRI follow-ups
on RIS patients every 6-12 months [7]. The decision to treat is in-
dividualized and based on the treating physician's personal prefer-
ences. Ongoing controversy also surrounds the monitoring of RIS
patients over time, but an important step is to distinguish patients
likely to progress to MS from those less likely. To accomplish this,
clinicians should consider demographic characteristics, CSF mark-
ers, and imaging factors including the CVS and PRS biomarkers in

the diagnosis and clinical assessment of RIS patients.
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