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sider MRI examination. A national workshop to discuss these issues was held in
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regarding the use of MRI in the care of individuals with MS. The aim of this consensus
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mendations are based on a review of relevant literature and the clinical experience of
workshop attendees. It is our hope that these recommendations will benefit individuals

with MS and guide healthcare professionals responsible for their care.
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1 | INTRODUCTION

Multiple sclerosis (MS) is an autoimmune, inflammatory, and degen-
erative disease of the central nervous system (CNS) associated with
functional impairment and decreased quality of life.! Recent national
and regional studies of the incidence and prevalence of MS in Sweden
report a prevalence of approximately 189 per 100 000 and an inci-
dence of 6.0-10.2.2°% The diagnosis of MS relies on the McDonald
criteria, most recently revised in 2010.> These criteria are based on
the assessment of the presentation and history of clinical symptoms
and imaging of the CNS with magnetic resonance imaging (MRI). In the
case of primary progressive MS intrathecal IgG synthesis is also consid-
ered. The importance of MRI for the initial investigation of suspected
MS, as well as for disease monitoring after a confirmed MS diagnosis,
has increased due to advancements in the technology and availability
of MRI, and in the scientific evidence supporting its use for MS.

Over the past few years, an increasing number of disease-
modifying treatments (DMTs) have become available that affects the
MS disease in several meaningful ways. It has been shown that current
DMTs can reduce focal inflammatory activity as well as the accumu-
lation of disability6 and the rate of brain atrophy.7 The currently avail-
able DMTs differ in respect to treatment efficacy and associated risks,
stressing the importance of clinical tools to individualize the choice of
DMT and closely monitor the treatment efﬁca\cy.‘s Examination with
MRI exhibiting a higher sensitivity for inflammatory disease activity

8-20

than clinical relapses alone, is routinely used in this regard and is

an important addition to the care of individuals with Mms. 21

Despite the routine use of MRI in the care of patients with sus-
pected or confirmed MS, there is a lack of scientific evidence defining
its optimal use.! The MRI protocols, timing, and frequency of investi-
gations, as well as the positioning of patients in the MRI scanner, will
in many cases differ between MS care centers. This may influence the
reliability of clinical MRI data®? and thus the diagnostic accuracy as
well as the ability to evaluate ongoing DMT.

There is also no complete international expert consensus avail-
able for these topics, although they are partially covered in the recent
European consensus guidelines by MAGNIMS (Magnetic Resonance
Imaging in MS).21:23

Neurologists and neuroradiologists working in the field of MS in
Sweden present a consensus agreement here regarding the use of MRI
in MS. The aim was to establish consensus-based recommendations for

the use of MRI in the diagnosis and disease monitoring of MS in Sweden.

2 | METHODS

The Swedish Multiple Sclerosis Association?* (SMSS, a society for
health care professionals working in the field of MS) and the Swedish

Neuroradiological Society25 (SFNR, a society for neuroradiologists
working in Sweden) held a national workshop meeting in Stockholm,
Sweden, in August 2015. Attending neurologists and neuroradiolo-
gists working in the field of MS formed the first draft for these MRI
guidelines based on professional experience and review of relevant
literature. The draft was further iterated by email correspondence
among the workshop attendees until reaching a consensus document
in November 2015. This consensus document was sent out for review
to the boards of the SMSS and SFNR and to representatives of the
Neurology and Neuroradiology departments at all Swedish univer-
sity hospitals: Karolinska University Hospital (Stockholm), Linképing
University Hospital (Link6éping), University Hospital of Umea (Umea),
Sahlgrenska University Hospital (Gothenburg), Skane University
Hospital (Malmé/Lund), Uppsala University Hospital (Uppsala), and
Orebro University Hospital (Orebro). Each university hospital con-
sulted local or regional healthcare providers as appropriate and all
referral parties provided feedback on the document.

After taking reviewer's opinions and suggestions into account, a
consensus among the task force and referral parties was reached, and
the guidelines document was considered effective as of February 14,
2016 and was published in Swedish on the SMSS website.2%

The current guidelines for the use of MRI in MS mainly describe
examination of the brain. Revisions of the guidelines will become
necessary as the knowledge regarding the use of MRI in the care of
individuals with MS evolves. Other important guideline521'23'27'30 for
the current work have been taken into account and the MAGNIMS

research group requires special mention.24%3

3 | RESULTS

3.1 | Clinical indications for MRI scans

There are a number of situations in which MRI investigation provides
clinical benefit in the care of an individual with suspected or confirmed
MS. The most prominent reasons are diagnostic examination, moni-
toring of treatment efficacy, and screening for progressive multifocal
leukoencephalopathy (PML). The most important clinical situations in

which MRI should be performed are summarized in Table 1.

3.2 | Which parts of the CNS should be examined?

Multiple sclerosis disease activity can occur in any part of the CNS.
For practical reasons, the imaging of the CNS is commonly divided
into brain imaging and spinal cord imaging, with separate MRI pro-
tocols. The brain, encompassing the larger part of the total CNS pa-
renchyma, should always be examined in routine MRI for diagnosis
or follow-up of MS. Examination with spinal cord MRI can provide

additional information, but is generally not as informative as the
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TABLE 1 Specific clinical situations when MRI investigation is warranted

Situation

Investigation of clinically
suspected MS

Monitoring of confirmed MS

Monitoring of CIS or RIS

Examination before and after
change in DMT or treatment
strategy

Clinical relapse or unforeseen
clinical worsening, especially
when the differential diagnosis of
pseudo-relapse? is difficult to rule
out.

Reason for MRI examination

To find radiological signs that increase/decrease the
probability of MS. To assess the level of disease activity

To detect radiological disease progress. Identify reason for a
change of treatment strategy

To detect radiological progression and to re-evaluate
fulfillment of MS diagnostic criteria. High degree of
radiological progression may indicate initiation of DMT or
change in DMT

By examination before and after a change in DMT or
treatment strategy, it is possible to correctly relate any
potential new disease activity in regards to the DMT change

A clinical relapse in itself does not warrant an acute MRI and
corticosteroid treatment of a clinically typical relapse
should not be delayed to facilitate MRI examination.
However, MRI can be valuable at the time of or after a
relapse to assess the level of inflammatory activity as a

hcinec  RUTVIRS

Aim

Detection of findings typical of MS
Assess if radiological McDonald criteria
are fulfilled

To radiologically assess the probability of
clinically relevant differential diagnoses

Detection of MS disease activity

To radiologically assess the probability of
clinically relevant differential diagnoses in
certain cases

Detection of MS disease activity
Assess if radiological McDonald criteria
are fulfilled

Detection of MS disease activity

Detection of MS disease activity

To radiologically assess the probability of
clinically relevant differential diagnoses in
certain cases

ground for any re-evaluation of the current DMT drug or

treatment strategy

Monitoring for, or investigation of,
suspected PML.

To find radiological signs indicative of PML when clinical
suspicion of the disease or high clinical PML risk is present

e Detection of radiological findings
indicative of PML

MRI, magnetic resonance imaging; MS, multiple sclerosis; RIS, radiologically isolated syndrome; DMT, disease-modifying treatment; PML, progressive mul-

tifocal leukoencephalopathy.

@New or worsened symptoms suggestive of, but not caused by MS disease activity (e.g., clinical worsening due to fever from infection).

brain examination in the typical case 3173 However, in line with the
recommendations of the recently published MAGNIMS consensus
guidelines,21 we suggest that spinal cord MRI should be included in
the diagnostic workup if the presenting symptoms indicate spinal cord
involvement. Furthermore, spinal MRI can be helpful in the differential
diagnosis when brain imaging is equivocal or inconclusive and when

brain MRI findings suggest radiologically isolated syndrome (RIS).21:34

3.3 | Recommended MRI protocols for diagnosis and
follow-up

Recommended MRI brain imaging protocols for diagnostic evalu-
ation and follow-up of confirmed MS cases are specified in Table 2.
These should be regarded as minimal protocols to provide adequate
radiological information in most cases. The protocols can locally be
extended with additional sequences, but the recommendations are in-
tended as a minimum common denominator across Swedish hospitals.
In situations where consideration of specific differential diagnoses is
warranted, the protocols should be tailored to answer the relevant
radiological questions at hand. The diagnostic protocol is more ex-
tensive, which allows for the consideration of radiological differential
diagnoses required for diagnosing MS. The follow-up protocol is less
extensive because its main purpose is to assess the occurrence of new

inflammatory disease activity.

TABLE 2 Recommended MRI protocols for diagnostic and
follow-up examination

Recommended MRI protocols

Diagnostic protocol Follow-up protocol

1. 3D T1 (Pre-contrast) 1. Administration of GBCA

2. Hemorrhage sensitive sequence 2. Axial T2
(i.e., SWI, GRE, or FFE)
3.DWI 3.3D T2-FLAIR
4. Administration of GBCA 4. 3D T1 (Post-contrast)
5. Axial T2
6. 3D T2-FLAIR

7. 3D T1 (Post-contrast)

GBCA, gadolinium-based contrast agent; MRI, magnetic resonance imaging.

At follow-up examinations, previous examinations should be avail-
able to assess whether new inflammatory changes have occurred. It
is important to keep serial MRI acquisitions as technically compara-
ble as possible as even small interexamination protocol differences
may make the MRI comparison more difficult. The same MR scanner
as well as the same image parameters, including orientation of axial
slices, should preferably be used in all follow-up examinations of the
same individual.
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3.4 | How often should MRI be performed in the
follow-up of MS?

Studies on MS disease activity, such as clinical drug trials, indicate that
the number of new MRI lesions is approximately 4-12 times larger
than the number of new clinical relapses during the same time pe-
riod.820 Such “clinically silent” MRI lesions stress the importance of
monitoring patients with MRI even in the absence of clinical signs
of disease activity. However, there is a lack of scientific evidence to
support a specific interval between follow-up examinations. The in-
terindividual variation in disease activity between patients with MS
makes it difficult to specify a general examination frequency suitable
for all cases, as reflected in the recommendations given in other avail-
able guideline documents.?2?328 while we acknowledge this and
would like to emphasize that the MRI frequency and timing should be
adapted to the clinical situation, it is our opinion that general recom-
mendations of MRI frequency are still valuable in the clinical care of
patients. The recommendations regarding MRI frequency presented
here are based on clinical experience and extrapolation of study data
on the level of disease activity seen in treated and untreated patients
with MS in phase lll studies.820

As mentioned above, the degree of disease activity and fre-
quency of new inflammatory lesions vary greatly among individ-
uals with MS. Some information regarding the expected level of
disease activity can be gained from the diagnostic baseline MRI,
but to better establish the individual disease activity, a second MRI
can be performed 3-6 months after baseline. However, if clinical or
radiological signs of high disease activity are seen at the baseline
examination, an earlier follow-up MRI can be considered. A second
follow-up examination can be performed 6-12 months after the
first follow-up, or earlier if deemed clinically warranted. When the
disease is in a stable state, annual examinations are recommended
in order to provide an adequate level of monitoring for new disease
activity (Fig. 1).

3.5 | Inwhat situations should an increased
frequency of MRI examinations be considered?

A change in treatment strategy may increase the risk of recurring
disease a.:t'ivity.35 More frequent MRI monitoring is therefore recom-
mended in relation to changes in treatment, including when discontin-
uing DMT in patients with long follow-up without new MRI lesions or
clinical relapses. A new MRI examination should be considered shortly
before the change of treatment and again 3-6 months thereafter. The
length of the interval between MRI examinations should reflect the
estimated risk of recurring disease activity. This establishes a new
baseline before changing the DMT, and the follow-up examination is
used to detect radiological signs of treatment failure from the new
DMT drug or strategy.

A special situation occurs when switching from treatment with
natalizumab to another DMT in a patient seropositive for JC virus.
Early signs of PML can be difficult to detect®® and onset can occur

even after natalizumab discontinuation.3” A baseline MRI should be

First MRI (Diagnostic protocol)

MRI 3-6 months after diagnosis (Follow-up protocol)

MRI 6-12 months after previous MRI (Follow-up protocol)

MRI every 12 months (Follow-up protocol)

FIGURE 1 An example of timing of first, second, and continuing
magnetic resonance imaging monitoring after multiple sclerosis
diagnosis

performed within 1 month prior to switching therapy from natal-
izumab, and a follow-up MRI should be performed approximately
3 months after natalizumab cessation. If clinical suspicion of PML
arises, earlier follow-up should be performed. Higher vigilance for
PML is warranted in the case of ongoing treatment with natali-
zumab in a patient seropositive for JC virus. There is no available
study data on which to reliably base recommendations regarding
frequency of MRI monitoring in this case. Depending on the esti-
mation of the PML risk in the individual patient, performing MRI
every 3-6 months is a practical approach.38 For additional MRI
follow-ups specifically for PML monitoring, a reduced protocol can
be used. This should, as a minimum, include 3D FLAIR and diffusion

weighted imaging.39

3.6 | Inwhat situations can the frequency of MRI
examinations be decreased?

Focal inflammatory activity in MS tends to decrease with age.40 A
decrease in focal inflammatory activity, for this or other reasons,
lessens the need for the frequent MRI monitoring recommended
for patients with a more active disease. There is currently no evi-
dence available to firmly establish at which age, disease duration, or
clinical situations it is acceptable to decrease the frequency of MRI
examinations. However, the consensus discussion identified a few
situations when less frequent MRI monitoring can be considered
(Table 3). To a large degree, these recommendations are based on
clinical experience.
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TABLE 3 Examples of situations when decreased MRI monitoring can be considered

Examples of situations when decreased frequency of MRI monitoring
can be considered

In the setting of MS disease that has been relapse free and radiologically
stable during repeated follow-up without change in therapy and with
clinical variables suggesting a favorable disease course

In the setting of RIS or CIS that has been relapse free and radiologically
stable during a repeated follow-up of 3 to 5 years without DMT

Examples of situations when stopping the MRI monitoring can be
considered

In the setting of MS disease in a patient of higher age (>55-60 years old)
that has been relapse free and radiologically stable during longer time
of repeated follow-up without DMT and with clinical variables
suggesting a favorable disease course

In the setting of RIS or CIS that has been relapse free and radiologically
stable during a longer repeated follow-up without DMT

MRI, magnetic resonance imaging; MS, multiple sclerosis; RIS, radiologically isolated syndrome; DMT, disease-modifying treatment.

TABLE 4 Recommended information to be included in the referral and radiological report

Diagnostic MRI

Referral text

base for the report.
Important information in the referral includes:

e Clinical symptoms and their evolution over time

e Clinical differential diagnoses
e Proposed time of examination

e Which parts of the CNS that should be examined

e Comorbidities

e Special needs, such as severe motor disability, claustro-

phobia, need for interpreter
o Current assessment of renal function
e Known allergy to contrast agents if applicable

Radiological report

Important information in the report includes:

e Which parts of the CNS that have been examined and

whether or not GBCA was administered

o Areport of the radiological findings and what differential

diagnoses are radiologically plausible

o |If lesions of demyelinating appearance have been

The main goal is to communicate the information that the
neuroradiologist and the MRI staff will need to be able to
correctly prioritize and plan the MRI examination, as well
as to provide a context for the neuroradiologist to use as a

The main goal is to communicate the radiological information
that is needed to plan the future care of the patient and to
decide whether or not an MS diagnosis should be made.

Routine follow-up MRI

The main goal is to communicate the current clinical situation
and clinical signs of disease activity, if any. In the case of
clinically stable disease, a brief summary is often adequate.
Important information in the referral includes:

e Diagnosis: MS/CIS/RIS

o Clinical signs of disease activity

e Current DMT

e Proposed time of examination

o Which parts of the CNS that should be examined

o Comorbidities

o If the clinical situation requires that signs for PML should
be specifically investigated

e Special needs, such as severe motor disability, claustropho-
bia, need for interpreter

e Current assessment of renal function

e Known allergy to contrast agents if applicable

The main goal is to communicate the radiological information
that is needed to plan the future care of the patient.
Important information in the report includes:

e Which parts of the CNS that have been examined and
whether or not GBCA was administered

o A description of all (if any) new or enlarged lesions of
demyelinating appearance that have been identified
compared to previous examinations, preferably the date of
the examination(s) used for comparison should be mentioned

detected the approximate size and distribution of these e A description of the approximate size, localization, and

should be mentioned

number of lesions of demyelinating appearance

e Whether or not any GBCA enhancing lesions have been e Whether or not any GBCA enhancing lesions have been

detected and if so the number of such lesions should be

specified

detected and if so the number and preferably the location
of such lesions should be specified

o Whether or not the radiological McDonald criteria for o A statement of whether or not any other relevant change

dissemination in time or space are fulfilled

has occurred compared to previous examinations

GBCA, gadolinium-based contrast agent; MRI, magnetic resonance imaging; MS, multiple sclerosis; RIS, radiologically isolated syndrome; DMT, disease-

modifying treatment; PML, progressive multifocal leukoencephalopathy.

As a general recommendation, patients with inflammatory active
MS should be recommended periodic MRl examinations. A decision to
decrease the extent of MRI monitoring should be based on an individ-
ual risk versus benefit assessment. Factors that influence the activity,
such as disease course, previous disease activity, DMT status, and age,
should be considered. Table 3 gives examples on specific clinical situ-
ations where the workshop delegates reached consensus to recom-

mend decreased MRI monitoring.

3.7 | Administration of gadolinium-based
contrast agent

Detection of gadolinium-based contrast agent (GBCA) enhancing le-
sions on T1-weighted images suggests that focal inflammatory activity
with disruption of the blood-brain barrier has occurred during the last
few months.*! This is of great importance for demonstrating dissemina-

tion in time when MS diagnosis is considered. In the setting of disease
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monitoring of confirmed MS, the temporal information provided by de-
tection of GBCA enhancement is less important. The finding of a GBCA
enhancing lesion on T1-weighted images is often accompanied by a cor-
responding lesion detectable on T2-weighted images.42 Based on this, we
assess the value of GBCA administration as lower in the setting of disease
monitoring as compared to the diagnostic MRI. However, it cannot be
ruled out that GBCA administration may increase sensitivity for new dis-
ease activity even at routine follow-up MR],4243 especially considering
the interobserver variability of identifying new or enlarged T2 lesions.??

While short-term use of GBCA generally appears to be safe in

3144 some issues need to be

individuals with normal renal function,
mentioned. Administration of GBCA is associated with a small risk
of anaphylaxis44 and development of nephrogenic systemic fibrosis
(NSF). The latter has been associated especially with linear GBCA and
renal dysfunct-ion.45 To minimize risk of NSF, one of the more chemi-
cally stable macrocyclic GBCAs should be used.

Potential long-term risks associated with repeated administration of
GBCA have not been sufficiently investigated but increased signal inten-
sity of the dentate nucleus and globus pallidus on T1-weighted cerebral
MRI scans has been reported after repeated administrations of both
linear and macrocyclic GBCA and also in individuals without any major
renal impairment.“é'47 The origin of this increased T1 signal has not been
fully established, but histopathologic quantifications of gadolinium in
brain tissues suggest deposition of gadolinium in brain tissue associated
with repeated use.*® There is currently no evidence that such gadolin-
ium deposition is harmful, but our opinion is that a cautionary approach
is warranted, as gadolinium is toxic in its non-chelated form.*® For this
reason, we suggest that in patients free from relapses and MRI lesions
for at least 5 years, MRI could be performed without administration of
GBCA. However, if clinical or radiological signs of new inflammatory ac-
tivity occur, or the patient’s treatment strategy is changed, a new MRI

including administration of GBCA should be considered.

3.8 | What information should be included in the
patient referral for MRI and the report from the
neuroradiologist?

The information included in the patient referral for the MRI and the
subsequent report written by the neuroradiologist is the cornerstones
of the communication between the neurologist and the neuroradi-
ologist. Table 4 includes examples of information that is of particular
importance in this communication. Table 5 includes examples of tem-
plates that can be used for the radiological report.

3.9 | Future perspectives

The MAGNIMS collaboration has recently published suggestions for
adjustments34 to the current McDonald criteria for the diagnosis of
MS, last revised in 2010.° Some important points in the suggested

adjustments are the recommendations to:

e add the optic nerve as another individual area to consider for the
criteria of dissemination in space;

TABLE 5 Examples of templates for the radiological report.

Examples of templates for radiological reports of MRI examination of

a patient with MS

Diagnostic MRI

MRI of the brain with and without
intravenous gadolinium-based
contrast agent administration

Date of earlier examination used
for comparison (if applicable):
Number of T2 lesions in the brain
(0, 1-9, 10-20, >20):

Brain region:

e Periventricular: Yes/No

e Infratentorial: Yes/No

e Juxtacortical: Yes/No

e Spinal (if examined): Yes/No

Are the radiological McDonald
criteria fulfilled:

e Dissemination in time: Yes/No
e Dissemination in space: Yes/No

Number of contrast-enhancing
lesions in the brain:
e Region of the brain:

Follow-up MRI

MRI of the brain with
intravenous gadolinium-based
contrast agent administration

Date of earlier examination
used for comparison:

Number of T2 lesions in the
brain (0, 1-9, 10-20, >20):

Number of new or enlarged
T2 lesions in the brain:

Number of contrast-enhancing
lesions in the brain:
e Region of the brain:

(If the reason for the
examination is follow-up
of RIS or CIS, it is recom-
mended to mention
whether or not radiological
McDonald criteria are
fulfilled.)

MRI, magnetic resonance imaging; MS, multiple sclerosis; RIS, radiologi-

cally isolated syndrome.

e require three periventricular lesions for the dissemination in space

to the periventricular space to be fulfilled;

e expand the juxtacortical area to the juxtacortical/cortical area and

consider cortical lesions in the fulfillment of the criteria for dissem-

ination in space;

o treat all lesions equally, regardless of if they are symptomatic or not;

e use the same radiological criteria to diagnose RIS as is used for MS;

o use the same radiological criteria for dissemination in space for pri-

mary progressive MS as for relapsing remitting MS.

Until further considerations have been made regarding the effect
of these suggestions on the sensitivity and specificity of diagnosing
MS, our consensus agreement will continue using the McDonald 2010
revision criteria. However, these suggestions warrant mentioning here
as a perspective on possible future adjustments of the MS diagnostic
criteria.

4 | CONCLUSIONS

Examination with MRI is established as an important tool in the diag-
nostic workup and monitoring of disease activity in MS. Several clini-
cally important questions regarding the use of MRI in MS currently
have no clear evidence-based answers. We used a consensus approach
to provide practical recommendations for several such clinical issues.
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The Swedish consensus panel could agree upon a minimal set of MRI
sequences for diagnostic as well as follow-up examinations. The con-
sensus panel recommends that patients with inflammatory active MS
should be investigated with repeated MRI examinations. In patients
with stable disease, MRI can be performed less frequently and omission
of GBCA administration can be considered. The use of structured refer-
rals and reports is recommended to facilitate communication between
neurologists and neuroradiologists. Guidelines such as these have the
potential to improve health care, and we hope that these recommenda-

tions will benefit individuals with MS as well as their medical caregivers.
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