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ABSTRACT

Introduction: Magnetic resonance imaging (MRI) has diverse modalities, among which gadolinium-enhanced DTPA (Gd-
DTPA) visualizes acute lesions referred to as contrast-enhancing lesions (CELs) in multiple sclerosis (MS). In this regard,
the current study aims to assess the neuroimaging characteristics of MS-related CELs in a 12-month follow-up study.
Material and Methods: This prospective cohort study was conducted on 41 patients with relapsing-remitting MS (RRMS) in
2019-21. The participants' demographic characteristics and Expanding Disability Status Scale (EDSS) were recorded. Gd-
DTPA MRI was performed once, repeated within the next year, and interpreted by a panel of an expert neurologist and
two skilled neuroradiologists.

Results: The MR assessments of the patients revealed 139 active plaques, among which 52 (37.5%), 49 (35.2%), and 38
(27.3%) had nodular, heterogeneous, and ring & arch pattern of enhancement, respectively. Eighteen plaques remained
activated within the next year with heterogenous (11.2%), ring & arch (44.4%), and nodular (44.4%) enhancement patterns.
The inactivated ones turned into gliosis (84.6%) and black hole (15.4%). EDSS was statistically less in nodular plaques than
both ring & arch (P-value = 0.009) and heterogeneous patterns (P-value = 0.028).

Conclusion: The current study found that most of the plaques get inactivated during one year and changes to gliosis.
Patients with a predominant nodular enhancement pattern had a lower increase in EDSS during one year follow up, in
contrast who had the predominant ring & arch pattern experienced the highest. Additionally, the nodular pattern causes
fewer disabilities in comparison to other types based on EDSS.
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1.INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease affecting the central
nervous system with the potentiality of multiple relapsing and remission courses, which can
cause a significant disability over time and impairs the quality of life (1). Particularly,
accurate neuroimaging, magnetic resonance imaging (MRI) can help precise diagnosis and
management of the disease to reduce the relapsing courses and slow down the disease
progression to disabilities (2).

Numerous MRI techniques have been deployed to visualize and characterize the plaques and
the course of MS disease. Conventional MRI neuroimaging, including T1- and T2-weighted
(T2W) spin-echo (SE) images, the former obtained before and after the injection of
gadolinium-DTPA (Gd-DTPA), is a preeminent diagnostic means in MS (3, 4). Chronic disease
can be accurately investigated using T1W pre-contrast and T2W SE images, while T1W SE
imaging obtained upon the administration of Gd-DTPA visualizes acute lesions referred to as
contrast-enhancing lesions (CELs) (5). According to chemical properties, Gd-DTPA is not able
to cross an intact blood-brain barrier (BBB). Therefore, any enhanced lesion represents an
inflammatory process in BBB leading to Gd-DTPA leakage (6).
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Heterogeneity has been notified in CELs and observed to be
associated with the varying evolution of CELs over time.
Moreover, CELs may re-enhance in short-term longitudinal
investigations and arise in the site of chronic lesions, as well
(7, 8). Nevertheless, a paucity of knowledge is available
regarding the frequency of re-enhancing CELs, the pattern of
the lesions, and new enhanced lesions in follow-up
neuroimaging investigations. However, it has been proposed
that persistent enhancement in a particular area can be
contributed to a more severe demyelinating process;
identifying how this is reflected in vivo is essential (9).

Accordingly, it can be estimated that repeated evaluation of
CELs may provide a comprehensive understanding of individual
disease evolution. Besides, it can be administered to assess the
efficacy of different drugs in trials (9). In this regard, the
current study aims to assess the neuroimaging characteristics
of MS-related CELs in a 12-month follow-up study.

2. METHODS
2.1. Study population

This is a cohort study conducted on 41 patients with relapsing-
remitting MS (RRMS) referring to outpatient MS clinic of
Kashani Hospital, referral center of MS affiliated with Isfahan
University of Medical Sciences, from October 2019 to August
2021.

The study protocol that met the Helsinki declaration criteria
was primarily proposed for the Ethics Committee of Isfahan
University of Medical. Then, the study was explained to the
patients; they were reassured of the confidentiality of their
personal information and requested to sign written consent.

The patients with documented RRMS diagnosis who
experienced a recent relapsing course within the previous two
weeks regardless of the clinical manifestations and had
enhanced active plaque(s) in contrast-enhanced MRI were
included in the study.

Any contraindication for taking MRI or gadolinium
administration, corticosteroid use within the recent two
weeks, any other pathology in the brain, and any other plaques
with different enhancement patterns were considered the
exclusion criteria.

The studied patients were recruited through convenience
sampling until achieving the desired numbers of participants.
A panel performed all the examinations, and neuroimaging
interpretations consisted of an expert neurologist and two
skilled neuroradiologists to minimize the probable biases.

2.2. Study protocol

The participants’ demographic information, including age and
gender, were primarily entered into a checklist. The
neurologist comprehensively examined them, and their
disability severity was determined using Expanding Disability
Status Scale (EDSS) (10).

Afterward, neuroimaging was performed for the patients by a
1.5 Tesla MRI based on MS centers consensus 2019 guidelines.
Accordingly, gadolinium-based contrast (287 mg/ml) with the
dosage of 0.1 mmol/kg was administered intravenously for 30
seconds, and the imaging was performed within the next 15
minutes (11).

The study panel interpreted the MRIs. The numbers of the
plaques, their location (periventricular, subcortical and
juxtacortical, centrum semiovale, corpus callosum,
cerebellum, brain stem, and cervical cord), and the pattern of
enhancement (heterogeneous, nodular, and ring & arch) were
entered into the study checklist.

The patients were followed for a year, they were telephoned
to be revisited by the neurologist, and another MRI was
performed. Similar data including, EDSS and neuroimaging
findings, were re-evaluated.

2.3. Statistical analysis

The recruited data was entered into the Statistical Package for
Social Sciences (SPSS Inc., Chicago, IL, USA) version 23.
Descriptive data were presented in mean, standard deviation,
percentages, and absolute numbers. The Smirnov-Kolmogorov
test was employed to determine the normality of data
distribution. For analytic data, Wilcoxon and Kruskal-Wallis
tests were employed. Bon Ferroni post hoc test was applied to
compare the data tow-by-two. P-value of less than 0.05 was
considered as a significant level.

3. RESULTS

Data of 41 patients with MS were analyzed in the current study.
The studied population was predominantly consisted of
females (n=25, 61%) and had the mean age of 31.33+8.95 years
old (age range of 18-48 years old). The mean period of MS
diagnosis was 3.18+2.16 years (range: 1-10 years).

The mean EDSS of the patients was 1.57+1.61 (range: 0-6) and
2.19+2.01 (range: 0-6.5) at study initiation and within the next
year, respectively. According to the Wilcoxon test, EDSS was
significantly different comparing the primary and follow-up
assessments (P-value<0.001).

The MR assessments of the patients revealed 139 active
plaques, among which 52 (37.5%), 49 (35.2%), and 38 (27.3%)
had nodular, heterogeneous, and ring & arch pattern of
enhancement, respectively. The follow-up evaluations within
the next year showed that 30 (21.60%), 18 (12.94%), and 91
(65.45%) plaques were disappeared, activated, and
inactivated, respectively. However, those 18 plaques that
continue to enhancement after one year mat be deactivated
and reactivated within a year. The remained 18 active plaques
had enhancement patterns of heterogenous (11.2%), ring &
arch (44.4%), and nodular (44.4%). Besides, the inactivated
plaques had turned into gliosis (84.6%) and black hole (15.4%).
Detailed information is presented in Table 1 and 2.

Table 1. The patterns of enhancement in MR assessment of MS plaques (Base line)

Number of acvtive

patterns of enhancement

plaques Heterogeneous

Ring and arch Nodular

139 49 | 35.2%

38 | 27.3% 52 | 37.4%
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Table 2: The patterns of enhancement in MR assessment of MS plaques
(One year later)

Active plaques Deactive plaques

Total Heterogeneous Ring nodular Total Gliosis Black .
and hole Disappear
arch

18(12.9%) 2 (1.2 %) 8(44.4 8(44.4 91(65.4%) 77(84.6%) 14(15.4%) 30 (21%)
%) %)

Table 3 presents the association of EDSS with the patterns of
enhancement. Accordingly, the highest EDSS was noted in ring
& arch and the least in nodular enhancement patterns. The
baseline assessments showed no association between EDSS and
the patterns of plaques enhancement (P-value = 0.245), while

a significant difference was noted in the follow-up MRs (P-
value = 0.003). Bonferroni post hoc test revealed that EDSS was
statistically less in the nodular enhancement pattern than both
ring & arch (P-value = 0.009) and heterogeneous patterns (P-
value = 0.028)

Table 3. The association between plaques enhancement pattern and EDSS

Predominant Number  of Baseline Follow-up

pattern of patients Mean Standard Mean Standard
enhancement deviation deviation
Heterogeneous 13 1.84 1.98 2.92 2.22

Ring & arch 7 2.28 1.97 3.57 1.90
Nodular 19 0.97 0.85 1.05 1.07
P-value 0.245 0.003

The location of the plaques in MRs and their type of
enhancement regardless of the time of assessment is
demonstrated in Table 4. The plaques were primarily located
in the periventricular (27.5%) and centrum semiovale (22.5%)
area. Nodular plaques were the most common types in

periventricular (44.2%), subcortical and juxtacortical (46.4%),
corpus callosum (100%), and cerebellum (75%) areas, while
heterogeneous enhancement was notified in 37.1%, 55.6%, and
46.4% of the plaques in centrum semiovale, brainstem and
cervical cord, respectively.

Table 4. The distribution of plaques location and type of enhancement

Location of Heterogeneous Ring & arch Nodular Tota Percentag
active plaques l e
Numbe Percentag Numbe Percentag Numbe Percentag
r e r e r e
Periventricula 7 16.3 17 39.5 19 44.2 43 27.5
r
Subcortical & 7 25 8 28.6 13 46.4 28 18.2
juxta cortical
Centrum 13 37.1 12 34.3 10 28.6 35 22.5
semiovale
Corpus 0 0 0 0 1 100 1 0.7
Callosum
cerebellum 1 25 0 0 3 75 4 2.8
Brainstem 10 55.6 5 27.8 3 16.7 18 11.5
Cervical cord 13 46.4 4 14.3 13 39.3 26 16.8
Total 51 32.5 46 29.3 60 28.2 157 100

Among 49 plaques with the heterogeneous pattern of
enhancement at baseline, 2 (4.1%) ones remained
heterogeneous, while 1 (2%) and 6 (12.2%) ones turned to ring
& arch and nodular patterns, respectively. Most heterogeneous
plaques get inactivated with gliosis (63.3%) or black holes
(4.1%). Besides, 14.3% of the plaques disappeared. Most of the
ring & arch plaques at baseline inactivated in the follow-up
investigation with gliosis (44.7%) or black hole (34.2%)
patterns. Only seven remained ones turned to ring & arch

pattern (18.4%), and a plaque (2.6%) disappeared. Nodular
pattern enhanced plaques were 52 ones that disappeared in
42.3%, inactivated with the black hole (1.9%) or gliosis (51.9%)
patterns or remained nodular (3.8%) in the follow-up
investigations. 43.3% of nodular enhancing plaques
disappeared after one year, while just 2.6 % of ring &arch and
14% of heterogeneous enhancing plaques had such a fate
(Table 5).
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Table 5. The changes in the pattern of plagues enhancement within a year follow-up

After one year
Active Deactive Disappeared
At base line Heterogeneous Ring & Nodular Gliosis Black hole Number
(n=2) Arch (n=75) (n=16) (n=30)
(n=8) (n=8)
Heterogeneous 2 (4.1%) 1 (2%) 6 (12.2%) 31 2 (4.1%) 7 (14.3%)
(n=49) (63.3%)
Ring & arch 0 (0%) 7 0 (0%) 17 13 (34.2%) 1 (2.6%)
(n=38) (18.4%) (44.7%)
Nodular 0 (0%) 0 (0%) 2 (3.8%) 27 1 (1.9%) 22 (42.3%)
(n=52) (51.9%)

4. DISCUSSION

According to our investigation, the most common pattern of
plaque enhancement in MRl was nodular, followed by
heterogeneous and ring & arch, respectively. Besides, nodular
enhanced plaques were associated with the least severe
disabilities assessed by EDSS, while the worst condition was
notified in ring & arch ones.

In addistion, patients with a predominant pattern of nodular
enhancement had a lower increase in EDSS than the other two
groups during one year follow up, and patients with a
predominant ring & arch pattern experienced the highest
increase in EDSS.

Davis and colleagues conducted a follow-up study in which the
patients were followed through monthly MRIs. Similarly,
nodular CELs were more frequent than the ring ones. Besides,
the ring plaques were accompanied by larger volumes than the
nodular ones.

Nevertheless, they found no association between the severity
of MS course of disease with the pattern of plaque
enhancement(12). However, the study by Hashemi et al. on 62
MS patients presented a ring pattern of enhancement as the
most frequent type (4). Further investigations have presented
consistent outcomes regarding the abundance of nodular
enhanced plaques in primary MRIs of the MS patients; however,
the association between the enhancement pattern and the
severity of disease course is a matter of debate yet (1, 13-15).

Our follow-up assessment revealed that 65.4% of the plaques
get inactivated within a year follow-up, among which gliosis
was the most common pattern of MRI presentation, while
among the remained active ones, nodular and ring & arch
enhancement was found in 44.4% for both.

Besides 43.3% of nodular enhancing plaques disappeared after
one year, while just 2.6 % of ring &arch enhancing plaques had
such a fate.Therefore, it considered better outcome for
nodular plaques.

It has been well-elucidated that many plaques may change to
gliosis by the subside of the inflammatory process; however,
numerous MRIs of the MS patients have presented gliosis as the
primary manifestation (16). The alteration of an active central
nervous system plaque to gliosis has been noted since a long
time ago; however, it has remained a question that the plaques
gliosis formation either shows a change in the underlying
disease process or reflects a chronic process of ongoing disease
in a previously damaged part of the nervous system (17).
Another destiny of the inactivated plaques is turning into the
black hole seen in 15.4% of the plaques. Davis et al. found an
insignificant association between the pattern of lesion

enhancement and the plaque volume. Therefore, they
concluded that the type of enhancement or its alteration by
the time is not related to the course of MS disease (12).

Several patterns of ring-enhancing lesion development and
resolution over weeks to months have been proposed in the
assessment of active plaques (18). Qian and colleagues
followed several MRIs of MS patients and presented that
preceding ring formation may lead to a nodule appearance
which will later become the non-enhanced region in the ring’s
center. Different patterns of ring resolution may suggest
heterogeneity in the subsequent cascade of immunologic
events. A ring will often fade over the months, turn into a
nodule, or develop again after nodule resolution (19). This
trend of alteration in enhancement pattern is in line with
Gaitan’s suggestion of expanding wave of inflammation
recruiting additional vessels, with subsequent closure of the
blood-brain barrier (BBB) within the lesion center (18).

Generally, periventricules, centrum semiovale, subcortical &
juxtacortical, and cervical cord were the most common
locations involved with MS plaques. Nodular followed by
heterogeneous and ring and arch enhancement patterns were
detected in 38.2%, 32.5%, and 29.3% of the active plaques
regardless of assessment time. These findings are consistent
with the literature in which nodular enhancement has been
considered (20, 21).

Most of the plaques in any brain area were enhanced with
nodular pattern except for centrum semiovale, brainstem and
cervical cord, in which heterogeneous pattern was the most
common. Moreover, one-year follow-up assessments showed
that regardless of gliosis that was the most frequent MRI
finding due to plaques inactivation, the active plaques with
ring & arch or nodular enhancement presented a similar
pattern in the follow-up assessments. In contrast, the
heterogeneous ones mostly turned into a nodular pattern.

Surfing the literature illustrated an associative correlation
between the pattern of enhancement and the site of MS
lesions; however, it has been notified that the elapsed time
between contrast injection and MRI acquisition is a crucial
factor for the enhancement pattern presentation (22).
Nevertheless, it seems that the pathophysiology of an
inflammatory process in an area is related to enhancement
patterns. For instance, open ring plaques are typically seen in
grey matter or ventricular lesions, or centrifugal enhancement
clearly supports the centrality of perivenular pathogenic
events at lesion onset. Therefore, it is hypothesized that any
pattern is representative of a wound-healing inflammatory
reaction of the CNS parenchyma to focal demyelination (22,
23).
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5. LIMITATIONS

The short follow-up period and limited numbers of obtained
MRIs in the study interval are the significant limitations of our
investigation. Furthermore, numerous confounders, including
the medications, the duration of MS, and the patients' age,
have not been examined; however, these variables have a
considerable impact on EDSS and may have affected the
assessed lesions, as well.However,all of our patients were
under the supervision of a common neurologist,with the goal
of kepping their medication as similar as possible. Therefore,
some biases may have influenced our outcomes, and further
detailed studies are highly recommended.

6. CONCLUSION

Due to the paucity of knowledge regarding the impact of MS
plaques enhancement pattern on the course of the disease and
their destiny after a relapsing course subside, the current
study was performed and concluded that most of the plaques
get inactivated during one year and changes to gliosis. Patients
with a predominant nodular enhancement pattern had a lower
increase in EDSS during one year follow up, in contrast who had
the predominant ring & arch pattern experienced the highest
increase in EDSS.Additionally, the nodular enhancing pattern
causes fewer disabilities in comparison to other types based on
EDSS.
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