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MANUSCRIPT

The contemporary role of MRI in the monitoring and management of people with multiple

sclerosis in the UK

ABSTRACT
Background - Compare the contemporary use of magnetic resonance imaging (MRI) in the monitoring

and management of people with MS in the UK to current consensus guidelines.

Methods - This retrospective multicentre audit of clinical practice gathered data on 2567 patients with

MS from 25 MS centres across the UK.

Results - Routine monitoring (44.7%), and recent clinical relapse (20.3%) were the most common
scan indications. In routine monitoring, the addition of spinal imaging to brain showed no significant
difference in disease modifying treatment (DMT) decision at subsequent clinical review.
Approximately 1 in 5 gadolinium administered scans showed enhancement, and in 1 in 20 patients,
gadolinium enhancement was the only evidence of radiological disease activity. Mean inter-scan
intervals in relapsing-remitting MS for routine monitoring was 19.2 months (SD 20.7) with wide
variation between centres. Only 53.8% of patients under progressive multifocal leukoencephalopathy
(PML) surveillance met the recommended scanning frequency. MRI protocols demonstrated

heterogeneity in the sequences used for diagnostic, monitoring and PML surveillance scans.

Conclusions — MS centres across the UK demonstrate varied practice and protocols when using MRI
to monitor people with MS. In this cohort, gadolinium use and spinal imaging demonstrates limited

impact on subsequent DMT decisions.



1. INTRODUCTION
Magnetic resonance imaging (MRI) of the brain and spine is routinely used in clinical practice to
establish the diagnosis and disease burden of people with multiple sclerosis (MS). It is also used to
guide eligibility for disease modifying treatments (DMTSs), monitor response to these treatments, and
plays a crucial role in pharmacovigilance for DMTs, especially natalizumab, where there is a risk of
progressive multifocal leukoencephalopathy (PML). There are no widely implemented UK national
consensus guidelines on the use of MRI in the management of people with MS, but efforts have
begun to advance this process. (Saslow et al., 2020; Schmierer et al., 2019; Tomassini et al., 2020)
The Magnetic Resonance Imaging in MS (MAGNIMS) study group published consensus
recommendations on the use of MRI in the monitoring of people with MS in 2015, followed by
guidelines on the MRI criteria to be used in the diagnostic process. (Filippi et al., 2016; A. Rovira et
al., 2015; Wattjes et al., 2015) In 2016 and then 2018, the consortium of MS centres produced revised
technical guidelines on the MRI protocols for monitoring in MS, with an updated version currently in
progress. (Consortium of MS centres, 2018; Saslow et al., 2020; Traboulsee et al., 2016) Most
recently these organisations have worked together to produce new consensus recommendations on
the use of MRI in patients with MS, taking account of the 2017 revisions in the McDonald diagnostic
criteria. (Thompson et al., 2018; Wattjes et al., 2021). These consensus guidelines have provided a
comprehensive set of MRI protocols, but their application can be challenging in diverse clinical

settings. Variation in imaging practices across multiple centres has not previously been described.

The aim of this multicentre retrospective audit was to collect relevant clinical and imaging information
from MS centres across the UK and compare them to published international consensus
recommendations by the MAGNIMS study group and the consortium of MS centres. (Fernandes et

al., 2021)

2. METHODS
MS centres around the UK in the National Health Service, were invited to participate in May 2020. A
centre was eligible for participation if they provided clinical and radiological services for people with
MS and had authorised access to clinical and radiological information on their patient sample. Data
collection occurred between May and October 2020. Each centre sent data to Leeds Teaching

Hospitals NHS Trust, which was also the co-ordinating centre and audit sponsor. Approval from the



Caldicott guardian was required in each participating centre prior to forwarding the anonymised audit

data to the data controller.

i Patient sample
Each centre reviewed medical records of 100 consecutive MS patients seen in specialist MS clinics
run by MS specialist neurologists and MS specialist nurses from 1st September 2019. This date was
chosen to give an adequate timeframe to collect data before the disruption to clinical services caused
by the COVID-19 pandemic from March 2020. Each centre included patients attending a range of MS
clinics e.g., DMT / Relapse / Transitioning / Rehabilitation / Continence. Inclusion criteria included an
established diagnosis of MS or a probable diagnosis of MS in patients when the diagnostic criteria
had not yet been met. Any patients that did not meet these inclusion criteria were excluded from the

data collection.

ii. Audit dataset
Demographic data included birth year and sex, while disease-specific data included MS type, current
DMT and year of diagnosis. As Expanded Disability Status Scale (EDSS) data may not be routinely
collected at all sites or easily determined from patient records, disability information was simplified to
ambulant without aid, with aid and non-ambulant. Dates of the most recent MRI scans, their
indication, scan sequences, and any subsequent changes to DMT were gathered from patient
records. Individual centres also provided the MRI sequences used in scanning MS patients for
diagnostic, monitoring, relapse, and PML surveillance purposes. PML safety monitoring was deemed
high or low risk based on the John Cunningham (JC) virus status of the patient (negative, low or high
titre) and the duration of their treatment with natalizumab (less than or greater than 18 months). This
approach is in line with the stratification used in expert recommendations published in 2016 and more

recently by the physician management guidelines in 2020. (BIOGEN, 2020; McGuigan et al., 2016)

iii. Statistical analysis
Descriptive data are provided as case frequency and percentages. Independent sample t-tests were
used for comparison of normally distributed, continuous outcome variables between patients. Chi-
square tests were used for comparison of categorical data between patients with Bonferroni
correction when multiple comparisons were made. Statistical significance was set at 0.05. Analysis

was completed in IBM SPSS Statistics version 26 (IBM Corporation, Armonk, New York, USA).



3. RESULTS
i Demographics
Twenty-five centres provided de-identified patient data and the MRI protocols used in their centres for
brain and spinal cord imaging for people with MS. Five patients were excluded as they were missing
most of the key data fields needed for analysis like scan indication, date, DMT outcome and scan
findings (Figure 1).In total, 2,567 patients were included in the analysis, of which 1,814 (70.7%) were
women. The median age was 48 years (IQR 39 - 57) and median time since diagnosis was 9 years

(IQR 4 - 15).

Overall, 1,956 (76.2%) patients had relapsing-remitting MS (RRMS), 416 (16.2%) had secondary
progressive MS (SPMS), and 191 (7.4%) patients had primary progressive MS (PPMS). One patient
had radiologically isolated syndrome (RIS) and in three patients the MS disease course was not
provided. Ambulation status was known for 2,519 patients, of whom 1,605 (63.7%) were ambulant
without aid, 719 (28.5%) ambulant with aid, and 195 (7.7%) were non-ambulant. The number of

patients on different DMTs is shown in Figure 2.

ii. Scanning indication and region imaged
Table 1 shows the indication for the most recent MRI scan, the region of the central nervous system
imaged, and the number of scans, including post-gadolinium sequences in each case. Routine
monitoring was the most common indication (44.7%), followed by recent clinical relapse (20.3%).
Scans done for diagnostic evaluation, clinical relapse, and change of treatment purposes were more
likely to include a brain and/or spinal protocol compared to other indications listed in Table 1 (66.7%

vs. 48.0%).

iii. New and enhancing lesions
The number of new lesions was quantified by the reporting radiologist in 1,899 (89.7%) scans when a
comparison scan was available. 987 (38.4%) out of 2,567 audited scans also included post
gadolinium sequences. Gadolinium was used most commonly in patients with recent clinical relapse
(59.6%) and treatment change (51.0%). Table 2 shows the frequency of patients that reported new or
enhancing lesions based on scan indication. Of the 166 patients with gadolinium enhancing lesions,
122 of these (73.5%) were concurrently noted to have new T2 lesions, while in the remaining 44

patients (5.3% of all gadolinium-enhanced scans), lesion enhancement was the only evidence of new



radiological disease activity. In those patients undergoing imaging for routine monitoring with i
reported presence or absence of new T2 and enhancing lesions (n=336), 61 (17.6%) had enhancing
lesions, and in 29 (8.6%) patients the enhancement was the only evidence of radiological disease
activity. Similar results were seen when scans were performed due to clinical relapse (n=249), where
68 (27.3%) patients had enhancing lesions, and in 7 (2.8%) patients the enhancement was the only

evidence of radiological disease activity.

iv. Clinical outcomes following MRI
We analysed DMT sequencing at subsequent clinical review (following the most recent MRI scan) in
2,417 patients. 411 patients (17.0%) had a change in their DMT while 1,908 (78.9%) had no change
in treatment. 101 patients (3.9%) had not been reviewed in clinic following their MRI scan at the time
of the audit. The presence of new lesions on MRI was significantly associated with a change in DMT

at the next clinic review (48.2% vs. 7.2%, p<0.001).

Among the 1,147 patients with scans performed for routine monitoring, 1,090 patients (95.0%) had
data available on subsequent DMT decisions., 87 (8.0%) had a subsequent DMT change, suggesting
that 12.5 routine monitoring scans were performed for one patient’s treatment to be altered. 556
patients had imaging of the brain only for routine monitoring and 571 had imaging of the brain and
spine. There was no difference in the rate of subsequent DMT changes between these groups (8.2%
VS. 7.9%, p=0.954). The presence of new T2 lesions in patients with RRMS during routine monitoring
was associated with DMT change at next clinic visit in 37.7% vs. 3.1% in those without new lesions
(p<0.001). In the same group, the presence of one or more gadolinium enhancing lesions was
associated with a change in DMT at next clinic visit in 21.6% of patients vs. 7.7% in those without

enhancement (p=0.01).

V. PML surveillance
Table 3 shows the breakdown of the 229 patients on natalizumab with information on scan interval,
treatment duration and JC virus serostatus. 13 of 31 (41.9%) high risk PML patients (high JC virus
titre, treatment duration > 18months), failed to meet recommended PML scan monitoring intervals of
less than 6 months. (BIOGEN, 2020) Similarly, 90 of 192 (46.9%) low-risk patients (low JCV virus
titre or negative and treatment duration < 18months), failed to meet recommended MRI scanning

intervals of less than 12 months.



Vi. Scanning frequency
People with RRMS were scanned significantly more frequently compared to people with progressive
MS, at a mean inter-scan interval of 19.2 months (SD 20.7) vs. 31.3 months (SD 31.4) respectively
(p<0.001). People with PPMS were scanned significantly more frequently than people with SPMS, at

a mean inter-scan interval of 26.0 months (SD 24.6) vs. 36.1 months (SD 39.8) respectively (p=0.001)

Patients on high efficacy treatments, i.e., autologous haematopoietic stem cell transplantation,
alemtuzumab, cladribine, natalizumab and ocrelizumab, had a significantly shorter interval between
scans, with a mean of 13.6 months (SD 11.6), compared to 21.1 months (SD 23.0) for patients on
lower efficacy treatments (all remaining DMTS), (p<0.001) (Figure 3) Figure 4 shows the scanning

frequency in months between centres for routine monitoring of ambulant RRMS patients.

Vil. MRI protocols
The scan sequences used by each centre were compared to the protocols suggested by MAGNIMS
and the consortium of MS centres. (Consortium of MS centres, 2018; A. Rovira et al., 2015) The full
list of sequences used in diagnostic, monitoring and PML surveillance protocols are shown in

Supplementary Tables 1 - 3. Information on the field strength of scanners was not collected.

For routine monitoring scans, T2-weighted and FLAIR remain the most common sequences, with DWI
included to assess for active disease and during PML surveillance. In 23/25 centres, gadolinium
contrast was administered only if the requesting clinician specified post-contrast imaging to look for
disease activity, or to assess for radiological evidence of relapse activity. 41.1% of all scans had
gadolinium administered, suggesting that clinicians continue to request gadolinium commonly on a

case-by-case basis.

Spinal imaging in addition to brain imaging for routine monitoring is not contained in the protocol for

any participating centre. However, the spine was included for 51.1% of all routine monitoring scans as
shown in Table 1, demonstrating significant variation in clinical practice. 15/25 centres routinely obtain
3D/volumetric sequences for diagnostic and monitoring scans, suggesting a lack of agreement on the

clinical utility, or availability of these sequences.
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4. DISCUSSION
This multicentre audit captures significant variation in clinical practice when imaging people with MS
amongst centres in the UK, in comparison to the MAGNIMS and consortium of MS centres
recommendations that were produced in 2015 and 2016 respectively. Table 4 outlines a number of

areas where UK clinical practice does not meet these recommended guidelines.

i The use of spinal imaging and gadolinium enhanced sequences
The inclusion of spinal sequences in diagnostic MRI scans for patients with clinically isolated
syndrome has demonstrated benefits in meeting MS diagnostic criteria for dissemination in space.
Asymptomatic spinal cord lesions in combination with asymptomatic brain lesions, contribute
significantly to predicting future disease course. (Brownlee et al., 2019; Zecca et al., 2016) However,
guidelines do not recommend routine monitoring with spinal cord imaging unless there are new
symptoms applicable to the spinal cord or if spinal cord activity will impact on subsequent DMT
treatment decisions. (Consortium of MS centres, 2018; Wattjes et al., 2021) While only one centre
included spinal imaging as a routine part of their MRI protocol for patients with MS, a surprising
finding of this audit was that over half of scans performed for routine monitoring included spinal
sequences. In ambulant patients with RRMS, the addition of spinal imaging to routine brain imaging
did not increase the rate of subsequent DMT change at the next clinic review, suggesting a limited
contribution to clinical decision making. (Bot et al., 2004; Okuda et al., 2011; Thompson et al., 2018)
This finding supports current consensus guidelines, and suggests that in current UK practice, the
efficiency of the regular use of routine spinal cord imaging in the monitoring of patients with MS
should be reviewed. Previous studies indicated a strong association between brain and spinal cord
inflammatory activity, although the ability to detect these changes rely on the field strength of the
scanner and use of specific sequences, like Short Tau Inversion Recovery (STIR). (Silver et al., 2001;

Thorpe et al., 1996)

Demonstration of gadolinium enhancement remains an important tool for identifying new inflammatory
activity, and hence has particular importance on initial imaging to demonstrate dissemination in time,
or in situations where no previous imaging is available. However, with serial MRl monitoring of
persons with MS, active disease can be identified by new/enlarging T2 lesions, hence guidelines do
not recommend routine use of gadolinium in follow-up imaging unless it is required due to particular

clinical circumstances, such as confirmation of disease activity, without a recent scan for comparison
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or when specified by DMT starting criteria (Wattjes et al., 2021) . Concerns also remain over the

potential accumulation of gadolinium within body tissues. (Fraum et al., 2017)

Eighteen centres in our audit specified that they only administer gadolinium if specifically requested
by the clinician, though 33.5% of routine monitoring scans included post-gadolinium sequences. (Guo
et al., 2018) While 18.6% of scans performed with gadolinium demonstrated enhancing lesions, such
enhancement was the only evidence of disease activity in only 5.3% of patients. However, the
quantification of enlarging T2 lesions or presence of diffusion restriction wasn’t included as other
methods of measuring disease activity. Gadolinium was used most frequently in imaging performed
post clinical relapse (59.6% of patients) and this indication had the highest rates of enhancing lesions
(27.3%). However, due to the higher frequency of new T2 lesions, the additional yield on identifying
radiological activity was lower than for other indications, with just 2.8% of relapse patients having

gadolinium enhancement as the only feature of radiological disease activity.

While administration of gadolinium marginally increases the identification of radiological activity,
enhancement of new lesions is temporary and in clinical practice the time interval of the scan after
relapse is important in order to identify the symptomatic lesion. (Cotton et al., 2003; Miller et al., 1993)
Although new hyperintense T2 lesions are more difficult to identify on visual inspection compared to
gadolinium enhancement, and more so for identifying changes in enlarging lesions, a number of
studies have shown a strong correlation between T2 lesions, brain atrophy and disease progression.
(Rio et al., 2009; Rudick et al., 2006; Stevenson et al., 2004; Tomassini et al., 2020) Serial follow-up
assessment with double inversion recovery or FLAIR sequences alone allow the identification of most
hyperintense lesions which enhance, and more advanced techniques like diffusion tensor imaging
based fractional anisotropy have shown the ability to differentiate between enhancing and non-
enhancing lesions. (Gupta et al., 2017; Sadigh et al., 2019) Automated subtraction techniques may
also soon play a more prominent role in the long-term monitoring of patients on DMT. (Moraal et al.,
2009) Overall, our results suggest that regular administration of gadolinium results in a small increase
in the identification of radiological activity and given the concerns over the long-term safety of such

agents, the use of gadolinium could be more conservative.
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ii. Variations in MRI scanning frequency between centres
We demonstrate significant heterogeneity in scanning intervals between MRI scans amongst centres
and MS subtypes. As anticipated, scanning intervals in progressive MS patients were significantly
longer than in the RRMS group, but 52.4% (318/607 scans) of scans in progressive patients were
done for routine monitoring, recent clinical relapse or deterioration in their condition, despite the lack
of DMTs for this patient group. This audit was completed prior to the introduction of a licensed DMT
for SPMS in the UK, but after the licensing of ocrelizumab for certain PPMS patients. (NICE, 2020,
2019) Given the recent approval for Siponimod in SPMS in the UK, the clinical utility of scanning
people with progressive MS, especially for routine monitoring, will be likely to change in the near
future. Our data suggest that the increase in MRI resources required to support demonstration of

Siponimod eligibility will represent a significant additional cost and use of NHS MRI resources.

Figure 4, highlights the variation seen amongst centres in this audit with regards to routine MRI
scanning intervals in ambulant patients with RRMS. This relatively clinically homogenous group
should have scanning intervals for routine monitoring of RRMS patients on DMTs between 12 and 36
months, based on international recommendations in 2015, but the most recent version of these
guidelines have taken a more nuanced approach specifying yearly scans during the initial phase of
treatment, which can then be relaxed in clinically stable patients with no radiological disease activity.
(Wattjes et al., 2021, 2015) Our data shows that the 12 scans done on average to change one
patient’s treatment (8.3% rate of DMT change after a scan) is higher than the 4.4% rate of change in
DMTs after scans seen in other MRI monitoring studies. (Cohan et al., 2016) While our dataset only
included 100 patients from each MS centre, this data was collected systematically and demonstrated
significant differences between centres that is likely to reflect true local variations in clinical practice
(one-way ANOVA p<0.001). The variation seen in these scan intervals is likely due to clinical practice
and local provision of MRI scanners, and highlights the real world difficulties in pursuing treatment
goals like “no evidence of disease activity” which rely on regular MRI monitoring. (Giovannoni et al.,
2015; Guevara et al., 2019) This variation is also seen in the PML surveillance scanning intervals
which have better defined criteria for scanning frequency based on JCV risk status. (BIOGEN, 2020;
McGuigan et al., 2016) Despite a limited scanning protocol consisting of FLAIR, T2-weighted and
diffusion-weighted imaging in PML surveillance patients, the frequency of scans adds significant

burden to local radiology services. This is reflected in our findings, as almost all centres did not meet
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the scanning interval limits set by the guidelines for all their high and low risk PML surveillance

patients.

5. LIMITATIONS
A limitation of the study was restricting the scanning indication of the most recent MRI scan to just a
single indication. This approach overlooks secondary indications for MRI scanning in these patients,
such as “re-baselining” after a switch of DMT. Scans with a “re-baselining” indication may have also
been referred to as “routine monitoring”, thus seemingly resulting in an underestimate of scans done
for re-baseline indications as seen in Table 1. Sampling bias was limited by collecting consecutive
patients from each centre. However, we recognise that clinic patient lists may have been organised
differently between centres. Whilst inclusion of progressive MS patients provided a heterogenous
group, it allowed for a more comprehensive overview of scanning practices in MS centres. MS centres
provide services to differing numbers of pwMS, and smaller centres might be more heavily weighted
in the analyses as we collected 100 patients rather than a proportion of patients from each centre.
However, we believe that we have collected a comparable sample of patients, from several centres to
be able to describe current national practices with some accuracy. DMT initiation dates were not
collected, and data on subsequent DMT changes only considered the next clinical appointment
following the MRI scans, hence may have missed a decision to change DMT that occurred at a later
date. Imaging information like area imaged, and number of lesions was only collected on the most
recent scan for each patient, limiting any analysis of the significance of the number of lesions or
presence of enhancement on clinical progression. Reporting expertise is an important factor as well,
information on which we did not collect in this audit, with neuroradiologists having a higher detection

rate of new CNS lesions compared to non-neuroradiologists.(Wang et al., 2017)

6. CONCLUSIONS
We have captured a large, representative sample of patients to demonstrate the contemporary use of
MRI for MS patients around the UK. Scanning practices frequently diverged from consensus
guidelines and we have identified the regular use of contrast enhancement and spinal imaging as
areas that require further investigation to clarify their efficiency. More uniform adherence to
international consensus recommendations may reduce variations in scanning frequency and improve

efficiency, which will be particularly important as demands increase due to the availability of DMTs for
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progressive MS. Semi-automated tools to facilitate assessment of MRI in routine follow-up also
deserve further implementation research. Evidence suggests that using such tools to guide
radiologists may reduce both interobserver variability and reporting time. (Dahan et al., 2018) While
data have yet to be produced to confirm the utility of these measures in clinical practice there is a
need to consider these and other emerging analytical technologies for clinical decision support when

formulating protocols to be used across the UK. (Schmierer et al., 2019)
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TABLES

Indication for most recent MRI scan Region imaged frequency of cases Percentage of scans  Total cases for

Brain Brain and Spine Unclear with gadolinium each indication
only spine only administeredt (%) (%)
Routine monitoring 556 571 15 5 33.5 1147 (44.7)
Recent clinical relapse 115 325 37 44 59.6 521 (20.3)
Treatment initiation / switch 80 113 5 4 51.0 202 (7.9)
Diagnostic (to demonstrate DIT) 67 112 12 8 44.8 199 (7.8)
PML Safety monitoring - Low risk 102 56 0 1 32.7 159 (6.2)
PML Safety monitoring - High risk 48 14 0 3 42.2 65 (2.5)
Rebaseline* 24 4 2 1 9.7 31(1.2)
Deterioration of condition 8 19 1 1 27.6 29 (1.1)

Table 1. Most recent scan by indication, area imaged and use of gadolinium. Cases were
constrained to select one indication per scan. 187 scans did not specify the region imaged or the
indication for the scan and are not represented in the table. 34 scans were done for a non-MS related
indication and are also not represented in the table. 24 scans were imported and no indication for the
scan was available. *Rebaseline scans were done after treatment was initiated compared to
Treatment initiation/switch which was done prior to treatment change. tBased on scans with
information on whether gadolinium was used. PML, Progressive multifocal leukoencephalopathy, DIT,
Dissemination in time
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Indication for most recent MRI

Number of cases with new T2

Number of cases with gadolinium

scan weighted lesions enhancing lesions
Number of lesions None 1 22 New, not None 1 22 Present, not
quantified guantified
Routine monitoring 870 76 44 56 305 17 13 31
Recent clinical relapse 248 64 53 88 209 40 20 17
Treatment initiation / switch 107 19 25 34 72 7 8 7
Diagnostic (to demonstrate DIT) 51 13 18 24 55 8 5 9
PML Safety monitoring 204 4 3 4 78 1 0 0
Rebaseline 20 3 5 2 3 0 0 0
Deterioration of condition 15 0 0 3 6 0 0 0

Table 2. Disease activity detected in most recent scan based on scan indication
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JC virus Natalizumab Number of Average scan interval / Percentage not
serostatus treatment duration cases months (S.D.) meeting criteria
High titre <18 months 7 5.8 (2.8) 41.9%
218 months 31 5.9 (3.3)
Low titre <18 months 18 12.0 (8.7) 46.9%
218 months 31 7.8 (3.3)
Negative <18 months 28 12.1 (10.7)
218 months 114 12.1 (3.6)

Table 3. Scan intervals of cases at risk of PML based on Natalizumab treatment duration and

JC virus serostatus
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Guideline Recommendation

Current Practice as audited

Ambulant people with RRMS should have MRI monitoring
every 12 - 36 months

8% of patients on DMT failed to meet this criteria; 20%

of patients not on DMT failed to meet this criteria

Spinal imaging during follow-up should be performed only

if there are new symptoms applicable to the spinal cord

50% of routine monitoring imaging included spinal cord
sequences in additional to brain

High risk and low risk PML should have MRI monitoring

every 6 and 12 months respectively

46% of patients requiring PML surveillance did not meet

these scan frequency criteria

The acquisition of gadolinium enhanced sequences
should be limited in routine monitoring

34% of scans done for routine monitoring purposes

included post-contrast sequences

Table 4. Comparison of UK practice to published guidelines from MAGNIMS (2015) and the
Consortium of MS centres on the use of MRI (2016) in multiple sclerosis



FIGURES

38 MS centres in the UK were approached through
advertising with the MS academy, the Association of
British Neurologists and word of mouth through MS
specialists.

13 MS centres after showing initial
interest were unable to provide the
data required due to local time
constraints.

25 MS centres returned completed
data collection forms on at least 100
cases in each centre and were
included in the audit.

5 cases were excluded, as most of
their data fields in the collection form
has missing data.

2567 cases were included in the audit
analyses, as some centres provided a
few more than 100 cases.

Cases were included in sub analyses if they had the pertinent data fields completed:

e 2411 cases had information on scan indication

e 2415 cases had information on the area of the central nervous system imaged

e 1899 cases had information the presence or absence of T2 weighted lesions on scan
e 987 cases had scans with gadolinium sequences

e 2417 cases had information on any DMT changes following the most recent scan

e 229 cases were on natalizumab and had information on JC serostatus

Figure 1. Flowchart illustrating centre and case selection for inclusion in the study.
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Figure 2. Number of cases on different disease modifying treatments.

Of the 878 patients not on any DMT, 377 had RRMS (19.3% of people with RRMS), 166 had PPMS
(86.9% of people with PPMS), 331 had SPMS (79.6% of people with SPMS), 3 had no diagnosis, and

1 had RIS. AHSCT, autologous haematopoietic stem cell transplantation
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Figure 3. Boxplots showing median and interquartile ranges of the intervals between scans for
MS patients based on their DMT. A limited y-axis scale is selected to represent the range of scan
intervals on the graph. Several outliers have not been shown on the higher end of the scale. Number
of cases on each DMT is shown in brackets, only cases with two or more MRI scans are included.
Patients on azathioprine (2), methotrexate (1), mycophenolate mofetil (2) and rituximab (2) were not
included as they each had less than 5 cases. AHSCT, autologous haematopoietic stem cell

transplantation
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Figure 4. Boxplots showing median and interquartile ranges of the intervals between scans, by
MS centre, for routine monitoring of ambulant RRMS patients. A limited y-axis scale is selected to
represent the range of scan intervals on the graph. Outliers have not been shown on the higher end of
the scale. Given this relatively clinically homogenous sample, the differences seen here are likely to

represent variations in local scanning provision and practices.



SUPPLEMENTARY DATA

Supplementary Table 1. MRI sequences done in centres for diagnostic purposes in suspected MS
cases
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¥/, scan sequences are included routinely; *, scan sequences are only included when requested
by the clinician; T, Spinal sequences are only included for centres which specifically included
spinal scans in their diagnostic protocols, Centres 3,7,9,10,11,16,17,21 and 23 did not provide this
information; 2D, two-dimensional; 3D, three-dimensional; DWI, diffusion-weighted imaging;
FLAIR, fluid-attenuated inversion-recovery; Gad, gadolinium; GE, gradient echo; IR, inversion
recovery; PD, proton density; PSIR, phase-sensitive inversion recovery; STIR, short tau inversion-
recovery; SWI, susceptibility weighted imaging; Vol, volumetric



Supplementary Table 2. MRI sequences done in routine monitoring and relapse indications in MS
patients
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¥/, scan sequences are included routinely; *, scan sequences are only
included when requested by the clinician; 2D, two-dimensional; 3D,
three-dimensional; DWI, diffusion-weighted imaging; FLAIR, fluid-
attenuated inversion-recovery; Gad, gadolinium; GE, gradient echo; IR,
inversion recovery; PD, proton density; Vol, volumetric
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Supplementary Table 3. MRI sequences done for PML surveillance in MS patients
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