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Abstract

:

Background and Objectives: Multiple sclerosis (MS) is a widely spread and debilitating disease with 2.8 million people worldwide currently affected. However, the exact pathogenesis of the disease and its progression remains incompletely understood. According to the revised McDonald criteria, cerebrospinal fluid oligoclonal bands (CSF OCBs) magnetic resonance imaging (MRI) results, in conjunction with clinical presentation, remain the gold standard of MS diagnostics. Therefore, this study aims to evaluate the association between CSF OCB status and features of radiological and clinical findings in patients with multiple sclerosis in Lithuania. Materials and Methods: The selection of 200 MS patients was performed in order to find associations between CSF OCB status, MRI data and various disease features. The data were acquired from outpatient records and a retrospective analysis was performed. Results: OCB positive patients were diagnosed with MS earlier and had spinal cord lesions more frequently than OCB negative patients. Patients with lesions in the corpus callosum had a greater increase in the Expanded Disability Status Scale (EDSS) score between their first and last visit. Patients with brainstem lesions had higher EDSS scores during their first and last visit. Even so, the progression of the EDSS score was not greater. The time between the first symptoms and diagnosis was shorter for patients who had juxtacortical lesions than patients who did not. Conclusions: CSF OCBs and MRI data remain irreplaceable tools when diagnosing multiple sclerosis as well as prognosing the development of the disease and disability.
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1. Introduction


Multiple sclerosis (MS) is a widely spread and debilitating disease with 2.8 million people worldwide currently affected [1]. Even in a relatively short period of time of 2 years, at least one third of MS patients report disability progression [2]; however, the exact pathogenesis of the disease and its progression remains incompletely understood [3].



Cerebrospinal fluid oligoclonal bands (CSF OCBs) can also be determined as clonal immunoglobulin G (IgG) antibodies produced by B and plasma cells locally in the central nervous system (CNS) [4] and can be found in up to 85% of MS patients [3]. Nowadays, they play a key role in the diagnostics of MS while presenting a prognostic value as well. According to the revised 2017 McDonald Criteria for the Diagnosis of Multiple Sclerosis, positive CSF OCBs can substitute for dissemination in time, leading to a faster diagnosis and treatment [5].



When predicting the progression of CIS (clinically isolated syndrome) to MS, CSF OCB positive patients are found to be more likely to develop the disease compared to CSF OCB negative patients [6,7]. Moreover, a meta-analysis demonstrated that OCB positive MS patients are more susceptible to the development of disability, and a more severe disease can usually be present [7]. A small study has also shown that the presence of CSF OCBs could determine disease activity and their presence could be modulated by certain medications [8]; however, the topic needs further investigation.



On the other hand, CSF OCB is not a definite measurement; therefore, obtaining the MRI (magnetic resonance imaging) is mandatory when MS is suspected. Up to this day, combined with clinical presentation, it remains the gold standard in the diagnostics of MS [9]. Therefore, it has a high predictive value for distinguishing early multiple sclerosis and allows monitoring of the disease as well [10].



Studies have shown that the reduction in MRI lesions results in disease remission and could be used as a monitoring tool at the beginning and later stages of the disease [11]. Moreover, MRI data, such as chronic white matter lesion activity, have been proven to predict disease progression [12]. T2 lesion volume has been associated with poor clinical outcomes as well [13]. However, some studies suggest ambivalent results when trying to associate changes in MRI (such as brain volume loss) with the disability progression in MS patients, meaning that further investigation is needed [14,15]. A shortage of data on how different lesion localizations affect disability is faced. However, lesions in the periventricular white matter and left internal capsule were demonstrated to cause the most severe drop in functional outcomes [16]. Thus, it could be hypothesized that different MRI features would lead to various clinical outcomes as well.



Therefore, this study aims to evaluate the association between CSF OCB status and features of radiological and clinical findings in patients with multiple sclerosis in Lithuania.




2. Materials and Methods


The selection of 200 MS patients treated in the LUHS (Lithuanian University of Health Sciences) Kaunas Clinics from 1 January 2000 to 31 December 2020 was performed in order to find associations between CSF OCB status, MRI data and various disease features. Approximately 1200 MS patients are treated in the LUHS. The estimated percentage of positive CSF OCBs in MS patients is about 85% [7]. Therefore, the recommended sample size is 169 patients (z = 95%, E = 5%). The data were acquired from outpatient records, and a retrospective analysis was performed. Variables included in the selection were patient age (at diagnosis and first symptoms), sex, course of the disease, EDSS (Expanded Disability Status Scale) scores at the first (EDSS1) and the last (EDSS2) visit, MRI data and CSF OCB positivity status. Additionally, the difference between EDSS2 and EDSS1 was calculated, allowing the assessment of the progression of disability. Furthermore, in cases where at least 2 MRI scan results were available, the results were compared, and the appearance of new lesions and overall lesion activity was evaluated. Changes in MRI were grouped to negative (increased lesion activity/number) and stable/positive (decreased or stable lesion activity).



The study included patients with confirmed MS diagnosis only. MS diagnosis was established according to widely accepted and revised McDonald criteria. Lumbar puncture and CSF examination were performed at the time of the diagnosis. CSF samples were analyzed using isoelectric focusing and IgG specific immunofixation with the purpose of testing for the presence of intrathecal specific IgG OCBs and comparing directly with the serum samples. Positive OCBs were defined when more than 2 bands were present in the CSF, while absent in the corresponding blood serum. Demographic, clinical data and results of magnetic resonance imaging were collected for all patients. Disability was measured using the Kurtzke Expanded Disability Status Scale.



Statistical analysis was performed using the SPSS (Statistical Package for the Social Sciences) tool (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp) Qualitative variables were analyzed using the chi-square test, whereas quantitative variables were analyzed using the independent samples t test and the Mann–Whitney test. Results were interpreted as statistically significant when p < 0.05.



Ethical approval was obtained from the local LUHS Department of Bioethics (Approval No. BEC-MF-50).




3. Results


Out of the 200 reviewed MS cases, 65 (32.5%) were male patients and 135 (67.5%) were female. The mean age at the time of the diagnosis was 36.4 ± 11.668, ranging between 18 and 74 years. The mean age at the time of the first symptoms was 32.13 ± 10.790 and ranged from 12 to 73 years. The mean time from the first symptoms to the diagnosis was 5.07 ± 9.35, ranging from 0 (diagnosed in the same year symptoms manifested) to 56 years. A total of 95% (195) of the patients had relapsing–remitting multiple sclerosis (RR). Nine patients had secondary progressive (SP) multiple sclerosis, and one patient had primary progressive multiple sclerosis (PP). The mean EDSS1 score was 2.28 ± 1.16, ranging from 0 to 7, and the mean EDSS2 score was 3.17 ± 1.77, ranging between 0 and 9.5. The mean difference between EDSS2 and EDSS1 (EDSS2–EDSS1) was 0.86 ± 1.66. The value ranged from −4.5 and 6.5 (negative values show improvement of disability, while positive values show worsening).



A total of 184 (92%) of the cases had at least one lesion in the periventricular area. It was the most common localization of MS lesions in our study. Additionally, almost three quarters (148 (74%)) of the patients had lesions in the corpus callosum. Juxtacortical lesions were found in 131 (66.2%) of the cases. A total of 80 patients (56.7%) had spinal cord lesions. Half of the patients (100 (50%)) had brainstem lesions. Less than half of the patients (94 (47%)) had cerebellar lesions, meaning that cerebellar lesion localization was the least common in our study.



Most cases had data of at least two MRI scans, allowing the assessment of new lesion appearance and changes of lesion activity. A total of 74 (37.4%) cases had negative changes, and 124 (62.6%) cases had positive changes or stable results in MRI (Table 1).



3.1. CSF OCBs and Their Relation to Disease Characteristics


Positive CSF OCBs were found in 151 (75.5%) of the cases; 49 (24.5%) of them were negative. There were no statistically significant associations between OCB positivity status and sex. Furthermore, OCB positive patients (median = 35 (18–74)) were diagnosed with MS earlier than OCB negative patients (median = 39 (20–59), U = 3084, p = 0.039) (Figure 1). There were no relations between the OCB positivity results and patient age at the symptom onset, EDSS scores of the first and last visit and its change through time.



A total of 141 patients had MRI scans of the cervical spinal cord; 80 of them (56.7%) had spinal cord lesions. The majority of patients (81.3%) with spinal cord lesions were OCB positive, meaning that spinal cord lesions were more frequently found in OCB positive patients (χ2 = 4.473, p = 0.034). Other MRI lesion localizations (periventricular, c. callosum, brainstem, cerebellar, juxtacortical), as well as the progression and number of MRI lesions, were not associated with OCB positivity status (Table 2).




3.2. Features of Radiological Findings and Their Relation to Disease Characteristics


The vast majority (198 (99%)) of the cases had the data of at least two MRI scans, allowing the evaluation of the appearance of new lesions and disease progression.



Periventricular, cerebellar and spinal cord lesions did not have a relation to the patient age at the time of the first symptoms and diagnosis as well as the EDSS score.



The lesions of the corpus callosum were not associated with the patient age at the time of the first symptoms and diagnosis. However, patients who had lesions in the corpus callosum (median = 1 (−3–6.5)) had a greater increase in the EDSS score between their first and last visit (U = 4560.5, p = 0.045) compared to patients with no callosal lesions (median = 0.5 (−4.5–6.5)).



No relation was observed between the brainstem lesions and the patient age at the time of the first symptoms and diagnosis. Patients with brainstem lesions had higher EDSS scores during their first visit (median = 2.5 (0–6.5) than patients without brainstem lesions (median = 2 (0–7) (U = 6281.5, p = 0.002). Moreover, higher EDSS scores during the last visit were observed in patients with brainstem lesions (median = 3.5 (1–7.5) compared to patients with no brainstem lesions (median = 2.5 (0–9.5) (U = 6041, p = 0.004). Although, the difference of the EDSS scores between the first and last visit was not any different between the patients with and without brainstem lesions.



The juxtacortical lesions did not have a relation to the patient age at the time of the first symptoms and diagnosis, or to the EDSS score. The time between the first symptoms and the diagnosis was shorter for the patients who had juxtacortical lesions (median = 1 (0–56) than for the patients who did not (median = 3 (0–42)) (U = 3224, p = 0.002) (Table 3).





4. Discussion


The study found that 75.5% of the selected MS cases were CSF OCB positive. According to the literature, CSF OCBs are present in up to 95% of patients with multiple sclerosis; the positivity persists through the course of the disease and is considered to be the immunological hallmark of the disease [17]. A meta-analysis of 48 studies assessed the prevalence of OCBs in MS and showed that 87.7% of patients with MS were OCB positive [7]. Therefore, the OCB positivity in our study was even lower. It is worth mentioning that even though the role of OCBs in the global guidelines of MS diagnostics changed since the 2000s, it was routinely used in confirming the MS diagnosis in the LUHS Kaunas Clinics during the time period of our study (2000–2020). Additionally, although this long period includes different methods of the assessment of OCBs, in the Kaunas Clinics, CSF IgG OCBs were tested using isoelectric focusing and IgG specific immunofixation during those 20 years. In this study, as in many others, the prevalence of MS among women was higher (gender ratio 2.08). Studies in France, Canada and Denmark show similar but slightly higher results, where the gender ratio varies from 2.45 to 3.2 [18,19,20].



The mean age at the time of the symptom onset in the study was 32 years. This matches with other trials in Europe that show the mean age of symptom onset to be 31–33 years [18,21]. However, this study found no relation between the OCB positivity status and the age of symptom onset. The same results could be confirmed by the study performed in Turkey [22]. On the other hand, studies in Sweden and China have found that the age at the time of the first symptoms was earlier in OCB positive patients [23,24].



In this study, similar to the Swedish and Norwegian studies, OCB positive patients received their diagnosis earlier than OCB negative patients [23,25]. No statistically significant relation was found between OCB status and sex. Turkish, Norwegian and Chinese studies also reported the same result [22,24,25]. However, one Swedish study showed a higher prevalence of males in the OCB negative group [23]. An association with the course of the disease could not be analyzed, because only 10 out of 200 patients included in the study had PPMS or SPMS course. Other studies did not find a significant relation between OCB positivity status and the course of the disease [22,24], although some researchers report that OCB positivity is associated with primary progressive MS [26].



Other European studies found that OCB positive patients had a higher EDSS score, reached a higher EDSS score in a shorter period of time and had higher EDSS scores in younger ages [23,27], but in this study, there were no relations between OCB results and EDSS scores of the first and last visits, and its change through time. It could be hypothesized that a larger number of cases is needed to confirm the aforementioned results, or a relatively high percentage of OCB positive patients could distort the study results.



Based on the McDonald criteria, to confirm dissemination in space, typical lesions should be found in at least two of the following regions: juxtacortical, cortical, periventricular, infratentorial and spinal cord [5]. According to the MRI descriptions in the LUHS hospital, the CNS lesions were divided into the following six groups: periventricular, corpus callosum, brainstem, cerebellar, juxtacortical and spinal cord. By comparing the results of the first and the last MRI scan and assessing the appearance of new lesions, it was possible to determine whether the results of the MRI scan improved, stayed the same or worsened during the course of the disease. We also checked how the MRI results were affected with OCB positivity status, EDSS score and age at the time of the first symptoms and diagnosis.



The majority (81.3%) of patients who had lesions in the spinal cord were OCB positive, meaning that spinal cord lesions were more frequently found in OCB positive patients. This correlates with the results of a study that found an association between OCB positivity and the presence of lesions in the lower cervical spinal cord segments [22]. Other studies on MS lesions and OCBs found no significant relation between spinal cord lesions and OCB positivity [28,29]. Some studies even report that higher inflammatory activity in the spinal cord due to lesions could cause symptoms of a specific nature, for example, autonomic dysregulation [30,31]. Conflicting results from said studies show that further investigation is needed, and pathophysiological mechanisms of the association between OCB positivity and spinal cord lesions are still unclear. The fact that both OCB positivity [32] as well as spinal cord lesions [33] were linked with worse prognosis of the disease by other researchers could explain the association of these factors in our study. In this study, the spinal cord lesions were not divided into upper/lower spinal cord segments, and further investigation might be needed regarding this issue. Another limitation of our study is that the number of lesions in specific locations was not specified in the MRI descriptions; therefore, the feature is not included in this study. Additionally, only 141 out of 200 patients had MRI scans of the cervical spinal cord. Nonetheless, the lesions in the cervical spine are reported to cause disability more often, which confirms the idea of CSF OCBs to be a poor prognosis factor [34,35].



The study also showed that other lesion localizations (periventricular, c. callosum, brainstem, cerebellar, juxtacortical) in MRI were not associated with OCB positivity status. An association with the appearance of new lesions in MRI through the course of the disease and the number of MRI lesions was also not found. A study of Italian patients showed no link between lesion distribution and OCB positivity as well [36]. A Swedish study found that OCB positivity status was associated with a higher lesion load; however, the results were not statistically significant. Only a trend was seen for a more than two-fold risk of increased lesion burden in the infratentorial compartment in OCB positive patients [37]. A study which investigated the significance of OCB positivity and periventricular lesions found a possible association, but the course of the disease was not affected by the appearance of the lesions in this localization [38].



The study did not find a relation between either of the lesion localizations and patients’ age at the time of the first symptoms and diagnosis, but the patients with juxtacortical lesions were diagnosed faster than those without said lesions. D. Pareto et al. revealed that juxtacortical lesions are related to cortical thinning and subcortical gray matter volume loss [39]. These changes correlate with greater disability, cognitive impairment [40] and predict short-term physical worsening [41], which could explain why the aforementioned patients were diagnosed faster. Our study showed only a trend (p = 0.073) of patients with spinal cord lesions to have a greater EDSS score increase between their first and last visits. Similarly, a Dutch study revealed that the spinal cord (baseline) lesions were associated with a greater EDSS progression (in 6 and 11 years) compared to patients without said lesions. Dekker et al. also reported that while spinal cord lesions alone are linked with a worse progression of disability, the simultaneous presence of both spinal cord and infratentorial lesions are not. This means that different study designs might yield different results, as in our study, the lesion localizations were not grouped in any way. It also showed that lesions localized in the brainstem and in the cerebellum were not associated with a higher EDSS progression [33]. Our study did not associate cerebellar lesions and EDSS scores; however, we found that patients with lesions in the brainstem had a significantly higher EDSS score at the first visit, and the results correlate with the neuroanatomic importance of the brainstem. The score during the last visit was also higher in this patient group. Even so, the patients with brainstem lesions did not have a faster EDSS progression. Contrastingly, the lesions in the corpus callosum resulted in a greater EDSS increase, but not higher overall scores during the first and last visit. It might be hypothesized that the result could be due to the atrophy of corpus callosum, which is commonly found to correlate with disease progression [42].



The main advantage of this study is an extensive evaluation of various associations between OCB positivity, MRI data findings and MS features. This could lead to a further understanding of the disease, its progression and prognosis. Even though this study evaluated 200 MS cases, we believe that the main disadvantage of our study is the sample size, and further investigation with a wider selection of patients is necessary. Another limitation of our study is that the vast majority of the included cases had RRMS, meaning that the relations between the characteristics included in our study and the course of MS could not be analyzed with statistical significance. Additionally, to assess the course of the disease, we collected the EDSS scores and MRI data of the first and last visit, but the time between these visits was not included in this study. Another important issue is that in some cases, the MRI descriptions were not extensive, i.e., the number of lesions and exact lesion localizations were not specified. This additional information could allow a quantitative analysis of MRI changes. Additionally, even though one of the main results of our study is the significant relation between spinal MRI lesions and OCB positivity, not all patients included had MRI scans of the cervical spinal cord. Moreover, the data regarding the disease modifying treatment status was not gathered, even though it could have affected the results.




5. Conclusions


OCB positive patients were diagnosed with MS earlier and had spinal cord lesions more frequently than OCB negative patients. Patients with lesions in the corpus callosum had a greater increase in the EDSS score between their first and last visit. Patients with brainstem lesions had higher EDSS scores during their first and last visit. Even so, the progression of the EDSS score was not greater. The time between the onset of symptoms and the diagnosis was shorter for the patients who had juxtacortical lesions than for the patients who did not.



To provide more extensive and accurate results in further research, the sample size could be increased. The inclusion criteria could be modified, and only patients with cervical MRI should be included. The research design could also be improved by expanding the study by recording data about the type of first symptoms, disease modifying treatment and setting a follow-up period for a more accurate evaluation of the disease progression.
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Figure 1. Relation between OCB status and age at diagnosis. OCB: oligoclonal band. 
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Table 1. Baseline characteristics.






Table 1. Baseline characteristics.





	
Characteristic

	
n (%)






	
Gender




	
Male

	
65 (32.5)




	
Female

	
135 (67.5)




	
OCB status




	
OCB positive

	
151 (75.5)




	
OCB negative

	
49 (24.5)




	
Course of the disease




	
RR

	
190 (95)




	
PP

	
1 (0.5)




	
SP

	
9 (4.5)




	
Lesion localization




	
Periventricular

	
184 (92)




	
C. callosum

	
148 (74)




	
Brainstem

	
100 (50)




	
Cerebellar

	
94 (47)




	
Juxtacortical

	
131 (66.2)




	
Spinal cord

	
80 (56.7)




	
Changes in MRI

	




	
Negative

	
74 (37.4)




	
Stable/positive

	
124 (62.6)




	
Characteristic

	
Mean (min/max)




	
Age at first symptoms

	
32.13 ± 10.8 (12/73)




	
Age at diagnosis

	
36.4 ± 11.6 (18/74)




	
Time from first symptoms to diagnosis

	
5.07 ± 9.35 (0/56)




	
EDSS1

	
2.28 ± 1.16 (0/7)




	
EDSS2

	
3.17 ± 1.77 (0/9.5)




	
EDSS2–EDSS1

	
0.86 ± 1.66 (−4.5/6.5)








Abbreviations: OCBs—oligoclonal bands; MRI—magnetic resonance imaging; RR—relapsing–remitting multiple sclerosis; PP—primary progressive multiple sclerosis; SP—secondary progressive multiple sclerosis; EDSS1—Expanded Disability Status Scale score at the first visit; EDSS2—Expanded Disability Status Scale score at the last visit.
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Table 2. Association of case characteristics and OCB status.
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Characteristic

	
OCB+ n(%)

	
OCB− n(%)

	
p Value






	
Gender

	
Male

	
51 (78.5)

	
14 (21.5)

	
0.499




	
Female

	
100 (74.1)

	
35 (25.9)




	
Disease course

	
Relapsing–remitting

	
143 (75.3)

	
47 (24.7)

	
0.837




	
Primary progressive

	
1 (100)

	
0 (0)




	
Secondary progressive

	
7 (77.8)

	
2 (22.2)




	
MRI lesion localization

	
Periventricular lesions

	
141 (76.6)

	
43 (23.4)

	
0.207




	
C. callosum

	
113 (76.4)

	
35 (23.6)

	
0.637




	
Brainstem

	
81 (81)

	
19 (19)

	
0.071




	
Cerebellar

	
74 (78.7)

	
20 (21.3)

	
0.318




	
Juxtacortical

	
98 (74.8)

	
33 (25.2)

	
0.84




	
Spinal cord

	
65 (81.3)

	
15 (18.7)

	
0.034




	
Changes in MRI (lesion count and size)

	
Negative

	
57 (77)

	
17 (23)

	
0.655




	
Stable/positive

	
92 (74.2)

	
32 (25.8)








Abbreviations: MRI—magnetic resonance imaging; OCB—oligoclonal band.
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Table 3. Association of MRI lesion localizations and clinical features.
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	Age at First Symptoms
	Age at Diagnosis
	Time from First Symptoms to Diagnosis
	EDSS1
	EDSS2
	EDSS2-EDSS1





	Periventricular
	0.247
	0.502
	0.226
	0.685
	0.372
	0.424



	C. Callosum
	0.505
	0.338
	0.366
	0.371
	0.085
	0.045



	Brainstem
	0.184
	0.117
	0.824
	0.002
	0.004
	0.128



	Cerebellum
	0.243
	0.577
	0.805
	0.145
	0.362
	0.926



	Juxtacortical
	0.921
	0.241
	0.002
	0.320
	0.090
	0.075



	Spinal cord
	0.479
	0.496
	0.555
	0.339
	0.143
	0.073







Abbreviations: EDSS1—Expanded Disability Status Scale score at the first visit; EDSS2—Expanded Disability Status Scale score at the last visit.
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