COMMENTARY

Harmonizing Magnetic Resonance Imaging
Protocols for Veterans With Multiple Sclerosis

Francesca Bagnato, MD, PhD#"°; and Mitchell Wallin, MD, MPH?#¢.

Background: Magnetic resonance imaging (MRI) assists with
the diagnosis of multiple sclerosis (MS), allows for timely thera-
peutic intervention, and for the evaluation of disease progression,
treatment effect, and safety. An international task force including
representatives from the Veterans Health Administration worked
together to update guidelines for imaging the brain, spinal cord,
and optic nerve in people with MS.

Observations: This commentary communicates the core mes-
sage of the 2021 MAGNIMS-CMSC-NAIMS Consensus Recom-
mendations on the Use of MRI in Patients With Multiple Sclerosis
as part of the MS Center of Excellence effort to align with con-

temporary guidelines, apply the highest scientific standards, and
achieve consistent outcomes for veterans with MS. To imple-
ment and disseminate these proposed recommendations within
the Veterans Health Administration, a workgroup was formed at
the end of 2020, which discussed a modified version of the 2021
MRI Guidelines to accommodate US Department of Veterans Af-
fairs medical centers that had fewer imaging resources as well as
veterans’ needs.

Conclusions: Standardized MRI protocols are fundamental for the
care of veterans with MS. Mitigating interscan variabilities is recog-
nized as a priority by scientific and clinical expert committees.
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ultiple sclerosis (MS) is a lifelong dis-
M ease that affects about a million people

in the United States."? Since 1998 more
than 45,000 veterans have been diagnosed with
MS and about 20,000 are evaluated in the Veter-
ans Health Administration (VHA) annually.®

Magnetic resonance imaging (MRI) is a cor-
nerstone for the assessment of persons with
multiple sclerosis (pwMS).4¢ MRI assists with
disease diagnosis, allowing for timely therapeu-
tic interventions and with the evaluation of its
progression, treatment effect, and safety. 4 MRI-
based outcomes also are used as primary end-
points in clinical trials.®

MS has its clinical onset in early adulthood in
most individuals and is diagnosed at a mean age
of 30 years.” As a result, pwMS may receive care
and MRIs in different facilities during their lifetime.
Mitigating interscan variabilities that can challenge
intra- and interperson comparisons is crucial for
accurate care. Radiologists may find it difficult to
compare scans acquired in different facilities, as
dissimilarities in acquisition protocols may mask
or uncover focal disease, creating false nega-
tive or false positive findings. Moreover, lack of a
standardized method to report MRI changes may
compromise neurologists’ ability to correctly inter-
pret scans and disease progression.

Accordingly, in October 2019, an international
task force of neurologists, radiologists, MRI tech-
nologists, and imaging scientists with expertise
in MS, including representatives from the VHA,
worked together to update guidelines for im-
aging the brain, spinal cord, and optic nerve in
pwMS.8® Recognizing the importance of this ef-
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fort, the VHA Multiple Sclerosis Centers of Ex-
cellence (MSCoE), in collaboration with a team of
subject matter expert neuroradiologists promptly
committed to this effort, advocating the updated
consensus recommendations, and favoring their
dissemination within the VHA.™®

As part of this commitment and dissemina-
tion effort, in this report we summarize the core
points of the newly proposed MRI guidelines and
ways to adapt them for use within the VHA. We
then discuss key elements for their successful
implementation and dissemination, specifically
regarding the clinical operations of VHA.

UPDATED GUIDELINES

The 2021 MAGNIMS-CMSC-NAIMS Consensus
Recommendations on the Use of MRI in Patients
With Multiple Sclerosis covered a broad spectrum
of recommendations related to MRI indication, ac-
quisition, and interpretation in MS. The recom-
mendations span 3 major areas: (1) indications for
an MRI with/without contrast; (2) summary of the
MRI protocol for radiologists and technologists;
and (3) interpretation of MRI examinations.

MRI Scan at Different Timepoints of MS
There are 3 crucial milestones within a the lifes-
pan of a pwMS that require an MRI to reach ap-
propriate conclusions and avoid clinical errors.
These include the initial diagnosis, the follow-up
to monitor disease and/or treatment effect, and
the assessment of medication safety.

In the interest of efficiency, MRI protocols may
vary slightly depending on these clinical indi-
cations. The Table lists core sequences of the



TABLE Recommended Acquisition Protocols

MRI Types Protocols

Brain Axial T2-w TSE or FSE?

Sagittal T2-w FLAIR (fat suppression is optional)
Axial T2-w FLAIR (not necessary if sagittal 3D with multiplanar reconstruction obtained)
Axial (or 3D sagittal) T1-w postcontrast sequence®*

DWIde

Cervical and thoracic
spinal cord®

> 2 of sagittal TSE, or FSE T2-w, FSE or TSE proton-density, or STIR
Sagittal T1-w postcontrast sequence

Optic nerve®

Axial and coronal fat suppressed T2-w or STIR

Axial and coronal postcontrast T1-w

Abbreviations: 3D, 3-dimensional; DWI, diffusion-weighted image; FLAIR, fluid-attenuated inversion recovery; FSE, fast spin
echo; MRI, magnetic resonance image; STIR, short T recovery; T1-w, T1-weighted; T2-w, T2-weighted; TSE, turbo spin echo;

VHA, Veterans Health Administration.

aOptional with surveillance MRIs for monitoring disease progression or drug safety if high-quality 3D FLAIR is available.
®QOptional with surveillance MRIs for monitoring disease progression or drug safety.

°VHA committee noted that multislice 2D T1-w could be better than 3D image to mitigate propagation of movement artifacts.
9Recommended only in the setting of surveillance MRI to assess drug adverse effects.

eVHA radiologists argued that DWI should always be part of the brain MRI protocols when imaging veterans with MS.

updated 2021 consensus recommendations at
each timepoint along with the proposed alterna-
tives or preferences from the VHA workgroup.

At the time of diagnosis, both brain and spine
(cervical and thoracic) MRIs are recommended.
Routine MRI of the optic nerve is considered op-
tional at diagnosis. However, imaging the optic
nerve may be useful in specific clinical scenar-
ios when the optic nerve is selectively involved,
and the diagnosis or etiology of an optic neuritis
is not clear. A repeat brain MRl is advised every 6
to 12 months in patients with clinically or radio-
logically isolated syndrome who do not fulfill the
diagnostic criteria of MS but present risk factors
for conversion to MS or paraclinical features of it.

Once the diagnosis is established, brain MRI
is recommended for follow-up and for surveil-
lance of drug safety. Spinal cord and optic nerve
MRIs are desirable but optional in the follow-up of
pwMS and are not required for drug surveillance.
Spinal cord MRIs are required at follow-up for pa-
tients whose progression cannot be explained by
brain MRI features, or who manifest with recur-
rent spinal cord symptoms, or have spinal cord
comorbidities. In these cases, spinal cord MRI
also may assist with treatment decisions. Simi-
larly, optic nerve MRI is necessary during follow-
up only when optic nerve comorbidities are sus-
pected or when there is progression or reoccur-
rence of optic nerve—related symptoms.

Brain MRIs are recommended for monitor-
ing drug effect yearly (or at longer intervals, after
a few years of disease stability). Conversely, a
repeat brain MRI is advised after 6 months if

nonsymptomatic radiological disease activity is
discovered on surveillance scans.

Abbreviated but more frequent serial brain
MRI protocols (eg, every 3 to 4 months) are
recommended for pwMS treated with natal-
izumab and at high risk of developing pro-
gressive multifocal leukoencephalopathy (eg,
pwMS who are John Cunningham virus [JCV]-
positive, and have been treated with natalizum-
abfor > 18 months, have a JCV antibody index
> 0.9, or have a history of immunosuppres-
sion). A similar approach is recommended for
carryover cases, such as those with high JCV
antibody index who are switched to other im-
munosuppressive treatments.

MRI Field, Scan Resolution, and Coverage
Both 1.5-Tesla (1.5-T) and 3-T scans are be-
lieved to be equally effective in imaging pwMS,
providing that the 1.5-T scans are good qual-
ity. Although imaging at < 1.5 T is not recom-
mended due to suboptimal disease detection,
the use of scanners > 3 T is equally discouraged
outside the supervision of trained investigators.
Signal-to-noise ratio and resolution are key fac-
tors impacting scan quality, and their optimiza-
tion is prioritized over the number of sequences
in the updated 2021 consensus recommenda-
tions. For brain imaging, a resolution of 1 mm?
isotropic is preferred for 3-dimensional (3D) im-
aging and slice thickness < 3 mm without gap
(£ 5 mm with 10-30% gaps for diffusion-
weighted imaging only) is recommended for 2D
sequences. Images should cover the entire brain
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and as much of the cervical spine as possible;
images should be prescribed axial for 2D or re-
formatted axial oblique for 3D using the subcal-
losal plane as reference. For spine imaging, sites
should aim at an in-plane resolution of 1 mm?;
using sagittal slices < 3 mm thick and axial slices
< 5 mm thick, both with no gap. Scans should
cover the entire cervical and thoracolumbar re-
gion inclusive of the conus. For the optic nerve
images, slices should be < 2 or 3 mm thick with
an in-plane resolution of 1 mm?. Images should
be aligned to the orientation of the optic nerve
and chiasms, both of which should be entirely
covered.

Postgadolinium Images Use

The discovery of the higher sensitivity of post-
gadolinium (Gd) T1-weighted (T1-w) MRI
relative to high iodine (88.1 g I) computed to-
mography scans in demonstrating contrast-
enhancing MS lesions has revolutionized the
way clinicians diagnose and monitor this dis-
ease."" However, in recent years the role of post-
contrast MRI has been debated, considering the
potential safety concerns secondary to Gd tis-
sue deposition. For this reason, an intentionally
more judicious use of postcontrast MRI is pro-
posed by the consensus recommendations. At
disease diagnosis, the use of Gd is advisable to
(1) show disease dissemination in time; (2) dif-
ferentiate the diagnosis based on the Gd pat-
tern; (3) predict short-term disease activity; and
(4) characterize activity in the setting of progres-
sion. When monitoring pwMS, the use of Gd
may be useful in the first year of follow-up, par-
ticularly if in the setting of low potency medi-
cations or for patients for whom the detection
of one or more active lesions would lead to a
change in disease-modifying agents. Gd also
should be used to first, confirm a clinical exac-
erbation (if needed); second, further characterize
a lesion suggestive of progressive multifocal en-
cephalopathy or monitor this disease over time;
and third, monitor lesion burden change in pa-
tients with large confluent lesions, the count of
which otherwise may be difficult.

MRI During Pregnancy and Lactation

The consensus recommendations state that Gd
contrast-enhanced MRI is not absolutely con-
traindicated during pregnancy, although its use
should be limited to strictly necessary situations,
particularly those involving differential diagnosis,
such as cerebral venous thrombosis or monitor-
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ing of possibly enlarging lesion burden. The use
of Gd is not contraindicated during lactation, as
only a small proportion (< 0.4%) passes into the
breast milk, leading to an exposure to < 1% of
the permitted Gd dose for neonates. >3

Harmonizing MRI Reports

The consensus recommendations propose re-
porting the exact lesion count on T2-weighted
(T2-w) images when lesions are < 20, or specify-
ing if the number of T2 lesions is between 20 and
50, between 50 and 100, or uncountable, eg,
confluent large lesions. Similarly, for the spinal
cord, the consensus recommendations propose
reporting the exact lesion count on T2-w images
when lesions are < 10, or otherwise report that
>10 lesions are seen.

The VHA workgroup proposed reporting a
mild, moderate, or severe T2-lesion burden for
a T2-lesion count < 20, between 20 and 50, and
> 50, respectively. For follow-up MRIs, notation
should be made if there is any change in lesion
number, indicating the number of new lesions
whenever possible. At each timepoint, the pres-
ence of active lesions on postcontrast images
should be accurately defined.

DISSEMINATION AND IMPLEMENTATION
To implement and disseminate these proposed
recommendations within the VHA, a workgroup
of neurologists and radiologists was formed in late
2020. A review and discussion of the importance
of each of the proposed MRI protocols for veter-
ans with MS was held along with possible modifi-
cations to balance the intent of meeting standards
of care with resources of individual US Depart-
ment of Veterans Affairs (VA) medical centers and
veterans’ needs. The final protocol recommenda-
tions were agreed on by group consensus.

In general, this VHA workgroup felt that the
current adopted MRI protocols in several VA
medical centers (based on previously proposed
recommendations) were similar to the ones
newly proposed and that implementing changes
to meet the 2021 criteria would not be a major
challenge.*'> Possible regional and nonregional
barriers were discussed. The result of these dis-
cussions led to a modified version of what could
be considered more stringent guidelines to ac-
commodate medical centers that had fewer im-
aging resources. This modified protocol offers a
viable alternative that allows for minimizing het-
erogeneities while recognizing the capabilities of
the available scanner fleet and meeting the needs



of specific centers or veterans. Finally, the work-
group recognized a fundamental obstacle toward
this harmonization process in the heterogeneity in
vendors and scanner field strength, factors that
have previously limited implementation.

The guidelines and proposed changes were
then presented to the VA National Radiology Pro-
gram Office, examined, and discussed for con-
sensus. No changes were felt to be needed, and
the recommendation to implement these guide-
lines in MS regional programs, whenever possi-
ble, was deemed appropriate.

At this time, a focused communication plan
has been implemented to diffuse the use of this
protocol at MS regional programs in the MSCoE
network. We will work iteratively with individual
sites to practically apply the guidelines, learn
about challenges, and work through them to op-
timize local implementation.

CONCLUSIONS

Standardized MRI protocols are fundamental
for the care of veterans with MS. Mitigating in-
terscan variabilities should be recognized as a
priority by scientific and clinical expert commit-
tees. Several guidelines have been developed
over the years to standardize MRI acquisition
protocols and interpretations, while updating
the same to the latest discoveries.**81415 The
VHA has been historically committed to these
international efforts, with the goal to excel in
the care of veterans with MS by providing ac-
cess to state-of-the-art technologies. To this
end, the initial Consortium of MS Centers MRI
protocol was implemented in several MSCoE
VA Regional Program sites a decade ago.™
Efforts continue to update protocol recom-
mendations as needed and to promote their
dissemination across the VHA enterprise.

This commentary is part of the continuous ef-
fort of the MSCoE to align with contemporary
guidelines, apply the highest scientific standards,
and achieve consistent outcomes for veterans
with MS. For more important details of the clini-
cal scenarios when additional/optional sequences
or scans can be acquired, we advise the reader to
refer to the 2021 MAGNIMS-CMSC-NAIMS Con-
sensus Recommendations on the Use of MRI in
Patients With Multiple Sclerosis.?
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