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Background/Objective: The aim of the study was to estimate the rate of evolution or for multiple sclerosis (MS), after a first acute demyelinating event (ADE) in pediatric patients, and to investigate the variables that predict this evolution.

Methods: We retrospectively evaluated the clinical and neuroradiological features of children who presented a first ADE between January 2005 and April 2017. All patients included underwent a baseline MRI, a cerebrospinal fluid and blood analysis, including virological examinations. The evolution into MS was determined by the 2013 International Pediatric Multiple Sclerosis Study Group (IPMSSG) criteria. Clinical and radiological features predictive of MS were determined using multivariate analyses.

Results: Ninety-one patients were selected (mean age at onset: 10.11 ± 4.6). After a mean follow-up of 5.6 ± 2.3 years, 35% of patients' conditions evolved to MS. In the logistic multivariate analysis of clinical and laboratory data, the best predictors of evolution into MS were: the presence of oligoclonal bands in CSF (p < 0.001), past infection with EBV (p < 0.001), periventricular lesions (p < 0.001), hypointense lesions on T1 (p < 0.001), and lesions of the corpus callosum (p < 0.001) including Dawson fingers (p < 0.001).

Conclusion: Our findings suggest that a pattern of neuroimaging and laboratory findings may help to distinguish between, at clinical onset, children with a monophasic syndrome (clinically isolated syndrome or acute disseminated encephalomyelitis) from those who will develop MS.
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INTRODUCTION

The term “acquired demyelinating syndrome” (ADS) is used to indicate the first clinical episode of acute CNS demyelination, which can either represent the sentinel attack of an underlying chronic demyelinating disorder or remain monophasic. Pediatric ADS occurs with an incidence of 0.5–1.66 per 100,000 children [(1–4); 37]. The proportion of ADS children who are ultimately diagnosed with MS ranges between 15 and 45% in different studies [(2, 3, 5, 6); 37]. An early differential diagnosis between a monophasic demyelinating inflammatory syndrome and multiple sclerosis is crucial, as increasing evidence favors early initiation of disease-modifying therapy [(2, 7–9); 38]. Early treatment avoids the accumulation of disability, delays the transition from “relapsing-remitting” into “secondary progressive MS,” and prevents axonal damage from occurring at an early stage (10, 11). Therefore, an early diagnosis of MS in children can slow down disease progression and reduce the level of future disability in adulthood (12). In recent years, studies have focused on defining criteria for early diagnosis in children and adolescents, as well as focusing on searching for predictive markers of progression into the recurrent disease [(2, 7–9); 37]. However, these studies have some limits: (1) the incidence of multiple sclerosis varies in different cohorts (15–46%), because different inclusion criteria are applied, even based on MRI findings alone, without considering clinical symptoms/signs [(2, 4, 5); 37; (13)]; (2) some studies include patients aged between 16 and 18 years, thus leaving childhood unexplored [37; (6)]; (3) it is difficult to distinguish between patients with ADEM from MS patients with ADEM-like onset, at the time of the first attack (6, 7, 9, 14); and (4) predictors with high specificity and positive predictive value show low sensitivity [(6, 15); 37]. The present study aims: (1) to analyze the clinical and neuroimaging features of a pediatric population at ADS onset; (2) to identify possible predictors of progression into MS; and (3) to compare the predictors obtained from our results with those of previous studies.

MATERIALS AND METHODS

Participants and Inclusion Criteria

We performed a retrospective study that included all ADS patients that were referred to the Neurology Unit of the Bambino Gesù Children Hospital and the Department of Pediatrics of the Sapienza University, between January 2005 and April 2017. The records of a total of 156 patients with suspected ADS were reviewed (Figure 1). The inclusion criteria were: (1) a history of an acute neurological event suggestive of central nervous system (CNS) inflammatory demyelinating disease not attributable to other conditions (infectious, metabolic, neoplastic, congenital or vascular illness); (2) a clinical follow-up of at least 1 year; (3) age at onset ≤16 years; (4) available laboratory and clinical data at onset (clinical symptoms according to EDSS classification, serum, and cerebrospinal fluid (CSF) examinations, serology for EBV); and (5) brain and spinal MRI at onset and during follow-up.
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FIGURE 1. Study profile.



Patients with secondary causes of demyelination (of toxic, genetic, metabolic, infectious, neoplastic), neuromyelitis optica spectrum disorders (NMOSD), ADS with serum positivity for myelin oligodendrocyte glycoprotein antibodies (MOGAbs) or a history of a progressive disease course were excluded.

In order to overcome the limitations of previously reported studies, we selected: (1) patients with CIS, ADEM, and MS diagnosed according to the 2013 International Pediatric Multiple Sclerosis Study Group (IPMSSG) criteria (16), which refers to the 2010 McDonald criteria for neuroradiological dissemination in time (DIT), and space (DIS) (9), (2) both patients with ADEM and CIS at onset; and (3) patients with a maximum onset age of 16 years.

The distinction between monophasic ADEM and multiphasic ADEM and MS with ADEM-like onset was made according to the 2013 IPMSSG criteria (16).

Diagnosis of NMOSD were made according to the “International consensus diagnostic criteria for neuromyelitis optica spectrum disorders” of 2015 (17). Patients with core clinical features of NMOSD (optic neuritis, acute myelitis or area postrema syndrome) were all tested for serum anti-aquaporin-4 antibodies (AQP4-ab).

The study was approved by the Ethical Committee of Bambino Gesù Children Hospital.

Data Collection

The MRI, CSF, and clinical data were collected. An MRI was acquired using a 1.5T magnet or 3T magnet (Samsung), both available in two participating centers. We ensured that the brain MRI, performed at the onset, included axial and sagittal T2-weighted, fluid-attenuated inversion recovery (FLAIR)-weighted, T1-weighted MRI sequences, and T1-weighted MRI images after administration of gadolinium. All patients included in the study also underwent a spinal MRI at the onset of symptoms and before the start of corticosteroid therapy; dual-echo (proton-density and T2-weighted) conventional and/or fast spin-echo, STIR (as alternative to proton-density-weighted) and contrast-enhanced T1-weighted spin-echo (in case of presence of T2 lesions) sequences were acquired. The MRI scan revision was centralized and carried out by two operators (a clinician [LP] and a neuroradiologist [LFT]), blinded to clinical outcome, at the Bambino Gesù children's hospital. Lesion characteristics were recorded, including the location, distribution, border outline, symmetry, and number, as well as size and gadolinium capture. Tumefactive lesions were defined as such if larger than two cortical gyri. The presence or absence of black holes (non-enhancing hypointense lesions visible on T1-weighted sequences) and post-gadolinium enhancement were analyzed. Follow-up brain and spine MRI (performed after a minimum period of 3 months from baseline) were also reviewed in order to assess the neuroradiological dissemination in time (DIT) and space (DIS).

CSF examination data at onset included the cell count and the search for oligoclonal bands (OCBs). The presence of OCBs was determined by isoelectric focusing, combined with immunoblotting of matched serum, and CSF sample pairs. Virological assessments consisted of measuring serum viral antibodies (IgM and IgG by ELISA) and performing quantitative real-time PCR for the Epstein Barr virus (EBV).

The presence of MOGAbs was assessed only in patients that were observed since 2015, when we started performing MOGAbs detection by cell-based assays (CBAs).

Statistical Analysis

Statistical analyses were completed using SPSS software (version 22.0). Descriptive statistics were used to compare the difference in frequencies in the MS group (clinical, laboratory, and MRI subtypes) and the non-MS groups (including CIS and ADEM). The Pearson's chi squared test for nominal categorical variables (e.g., sex, fever) and the Mann-Whitney U-test for continuous variables (e.g., age in months) were used. Logistic regression analyses were used to assess whether clinical, biochemical and MRI features of the initial attack could be predictors of evolution toward MS.

We used the multivariate logistic regression to build predictive models of evolution toward MS. As a first step, we selected the variables to test their single risk value (odd ratio-OR) in the univariate logistical analysis. Then, the variables that individually showed a significant OR (p < 0.05), were tested in the multivariate logistic analysis to build the models. In the multivariate logistic analysis, we used a backwards elimination process to test the correlation (p value cut-off = 0.10 for exclusion from the model) between variables, and calculated the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) for each model built for the diagnosis of MS. Significance was fixed at p < 0.05. A multiple-comparison post-hoc correction was made with the Bonferroni correction, setting the significance cut-off at α/n with α = 0.05.

The current criteria available for pediatric age and those used in our models, were compared by using a univariable generalized linear model, with a logit link function, and a binomial error distribution.

RESULTS

During the considered time interval, only 102 out of the 156 patients initially identified were included in the analysis. The main reasons for exclusion from the study were: lack of follow-up data as to whether evolution into MS had taken place (25 patients), MRI exams that did not meet the requirements (lack of sequences, lack of spine MRI) (15 patients), secondary forms of demyelination (infections, genetic) (eight patients), and lack of laboratory data (six patients). Thirty-five patients presented features of ADEM, five with features of NMOSD, 57 with CIS, and five patients with features suggesting MS at onset.

Among 36 patients undergoing anti-MOGAbs detection, six (16.6%) showed positive results. Since anti-MOGAbs seem to have a protective role against MS development (18–20), none of the MOGAbs positive patients conditions evolved into MS and data from MOGAbs-positive patients and children with NMOSD were excluded from the statistical analysis, aimed at looking for factors predicting evolution into MS.

Ninety-one patients (42 females and 49 males; mean age at onset: 10.11 ± 4.60) who presented the first ADS in the observation period and met the remaining inclusion criteria were recruited (Figure 1). Onset diagnosis included 33 patients with ADEM, 53 patients with CIS, and five patients with MS at first ADS. The mean follow-up duration was 5.6 ± 2.3 years. During follow-up, the patients underwent clinical and MRI controls every 4–6 months during the first year of illness, and then with annual frequency. Patients with a normal MRI at onset and after 2 years, or those whose MRI became normal during the first 2 years of follow-up, without evolution to MS, discontinued MRI controls after 2 years and continued only a clinical follow-up. In case of a recurrence, the patient was clinically evaluated and underwent an MRI examination for the relapse. It is noteworthy to underline that the follow-up duration was similar in all patients, regardless of the clinical evolution.

First ADS: Comparison Between ADEM and CIS Patients

At onset ADEM was diagnosed in 33 patients (36.3%), while 53 patients (58.2%) were classified as CIS. The main differences in clinical and neuroradiological features at onset between CIS and ADEM patients are summarized in Table 1. Five patients (5.4%) presented clinical and neuroradiological findings suggestive of MS at onset.


Table 1. Baseline clinical and demographic characteristics of ADEM and CIS patients.
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In CIS patients, 18 patients (34%) clinically presented optic neuritis, 10 patients (18.9%) presented transverse myelitis, and 14 patients (20.8%) presented polyfocal symptoms, while 11 patients (20.8%) presented other monofocal symptoms. All ADEM patients presented encephalopathy. Other neurological signs or symptoms in ADEM patients, involved the pyramidal (57.6%), cerebellar (54.5%), the brainstem (33.3%), and the proprioceptive (30.3%) systems. The optic nerve was involved in 21.2% of ADEM patients, while 6.1% of patients showed sphincter dysfunction.

Patients with ADEM (mean age of 7.6 ± 3.7 years) were younger than those with CIS (mean age: 11.1 ± 3.5 years) (p < 0.001) and more often had a history of recent infection (63.6 vs. 28.3%; p < 0.005), fever at onset (33.3 vs. 11.3%; p < 0.05), and cerebellar symptoms/signs (54.5 vs. 11.3%; p < 0.001). Sensory disorders were more frequent in CIS than in ADEM patients (32.1 vs. 9.1%; p < 0.05). CSF pleocytosis was more frequent in ADEM than CIS (51.5 vs. 28.3%; p < 0.005) and OCBs were more frequently detected in CIS than in ADEM patients (49.1 vs. 15.2%; p < 0.001).

Clinical Follow-up: MS vs. Non-MS Patients

Thirty-one patients (35%) evolved to MS, while the remaining 60 patients (65%) neither showed further demyelinating episodes nor neuroradiological relapses. While MS was diagnosed in seven out of 33 ADEM patients (21.2%) included in the analysis, 18 out of 53 patients with an initial diagnosis of CIS evolved to MS (34%). However, this difference was not significant (p > 0.05). Patients evolving to MS were more often female (66.7 vs. 33.3%; p < 0.01) and older (12.4 ± 3.4 vs. 8.9 ± 3.8; p < 0.01) in comparison with non-MS patients.

The survival curve of the total patients is shown in Figure 2. The evolution to MS occurred mostly within 2 years of onset and did not occur in any patients after 3.75 years. CIS patients evolved to MS more rapidly than ADEM patients, but the final evolution times were equal for both groups (Figure 3).
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FIGURE 2. Kaplan-Meier survival analysis with event of interest “diagnosis of MS.” Censored patients (not converted into MS at last follow-up) are indicated on the curves. Time of diagnosis of MS is reported in months. The time axis is right-censored at 10 years. Evolution into MS occurred for most patients within 24 months from the onset and in no patient after 3.75 years.
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FIGURE 3. Kaplan-Meier survival analysis with event of interest “diagnosis of MS” comparing the survival curves of CIS and ADEM patients. Censored patients (not converted into MS at last follow-up) are indicated on the curves. Time of diagnosis of MS is reported in months. The time axis is right-censored at 10 years. The MS rate of evolution into MS is significantly faster for CIS than ADEM patients. However, both groups convert into MS within 24 months. Log rank test χ2 4.97, p < 0.05.



CSF oligoclonal bands were positive in 73.3% of patients with MS (OR 9.23; p < 0.001) and there was evidence of past infection by EBV (IgG) in 86.7% of MS patients (OR11.52; p < 0.001) (Table 2). Interestingly, serum anti-EBV IgG were detected in 100% of the ADEM patients who evolved to MS, and only in 34.6% of monophasic ADEM (p < 0.001). On the contrary, a recent infection represented a protective factor for the evolution to MS (OR 0.18; p < 0.01).


Table 2. Onset clinical and neuroradiological features predictive of progression to MS (Univariate Analysis Logistics).
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In patients with MS diagnosis at onset (2 females and 3 males), 1 out of 5 cases (20%) clinically presented optic neuritis, 1 out of 5 cases (20%) with polyfocal symptoms in, and 3 out of 5 cases (33.3%) of monofocal symptoms. Four patients were aged over 16 and only one patient was younger. The MRI at the onset showed the presence of multifocal lesions. In particular, periventricular lesions were present in 5 out of 5 patients (100%), while juxtacortical lesions were present in 1 out of 5 cases (20%), and infratentorial lesions in 3 out of 5 cases (33.3%), and spine lesions in 3 out of 5 cases (33.3%). All five patients had a simultaneous presence of capturing and non-capturing gadolinium lesions at the onset MRI.

MRI Lesions: MS vs. Non-MS Patients

In comparison with non-MS children and adolescents, in MS patients, MRI lesions were more frequently located in the periventricular (OR 12.5; p < 0.001) and subcortical (6.17; p = 0.001) regions, the corpus callosum (OR 25; p < 0.001), the brainstem (OR 3.8; p < 0.01), and the cerebellar peduncles (OR 2.88; <0.05). With regard to the distribution and morphology of the lesions, asymmetric WM lesions (OR 7.35; p = 0.01), lesions perpendicular to the corpus callosum known as “Dawson fingers” (OR 45.8; p < 0.001), lesions with well-limited margins (OR 11.9; p < 0.001), black holes (OR 30; p < 0.01), and gadolinium enhancing lesions (OR 5.23; p = 0.001) were more frequent in the MS group than in non-MS patients.

MOGAbs Positive Patients

Among the 36 patients undergoing MOGAbs detection, six (16.6%) showed positive results. At the onset, these patients presented clinical MRI features of ADEM (2 patients, 33.3%), unilateral retrobulbar optic neuritis (RON) (one patient, 16.6%), bilateral RON (2 patients, 33.3%), and longitudinal extensive transverse myelitis (LETM) (one patient, 16.6%). No patient with a diagnosis of MS at onset showed positivity for MOGAbs. During the follow-up, no patient with positive anti-MOGAbs showed evolution to MS. One patient with ADEM presented a clinical and neuroradiological relapse which resulted in them being included in the multi-phase ADEM group. The remaining patients had a monophasic course.

Models of ADS Evolution Into MS

In the multivariate logistic analysis (Table 3), the best combination of non-neuroradiological features predictive of progression into MS included: (1) the absence of a recent infection (OR 0.21, CI 0.05-0.79; p = 0.02), (2) OCBs in CSF (OR 8.34, CI 2.5-27.7; p = 0.001), and (3) past EBV infection (OR 11.47, CI 2.5-27.76; p < 0.001). However, the absence of a recent infection was excluded from the model after the Bonferroni correction. The definitive predictive model could predict evolution into MS with a sensitivity of 66, a specificity of 93, a positive predicting value (PPV) of 83, a negative predicting value (NPV) of 85, and an accuracy of 93.4%.


Table 3. Results of multivariate analysis.
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With regard to the MRI data, we found that an abnormal brain MRI was associated with a higher risk of evolution into MS (97.2% of patients) than a normal brain MRI (e.g., isolated optic neuritis or myelitis) (OR 9.13, p < 0.05). The most important MRI baseline features for predicting evolution into MS were: (1) at least one Dawson finger (OR 15.42, CI 1.13-209.73; p = 0.01), 2) at least one periventricular lesion (OR 12.42, CI 2.83-54.58; p < 0.001), and (3) at least one T1 hypointense lesion (OR 25.48, CI 4.5-144.22; p < 0.001). The model showed a sensitivity of 76.2, a specificity of 100, a PPV of 100, an NPV of 87.4, and an accuracy of 91%. A second MRI model that combined good sensitivity and specificity included: (1) at least one periventricular lesion (OR 26.82, CI 2.64-271.98; p = 0.005), (2) at least one subcortical lesion (OR 13.17, CI 1.3-133.2; p < 0.05), (3) at least one lesion of the corpus callosum (OR 9, CI 1.6-0.84; p = 0.01), and (4) at least one T1 hypointense lesion (OR 17.54, CI 2.57-119.72; p = 0.003). However, the variable “at least one subcortical lesion” was removed from the model after the Bonferroni correction. The definitive model showed a sensitivity of 80, a specificity of 96, a PPV of 92, an NPV of 90, and an accuracy of 96.7%.

The multivariate analysis of the combined non-neuroradiological and MRI findings, showed that the MRI features that best distinguished patients evolving into MS, from those that would not evolve into MS were: (1) at least one periventricular lesion (OR 10.13, CI 2.26-45.33; p < 0.01), (2) at least one T1 hypointense lesion (OR 45.34, CI 7.43-276.69; p < 0.001), and (3) the presence of OCBs (OR 4.8, CI 1.16-20.49; p < 0.01). This model showed a sensitivity of 80, a specificity of 92, a PPV of 87, an NPV of 84.2, and an accuracy of 88.5%.

The results of the comparison between the current MRI criteria and our neuroradiological models are featured in Table 4.


Table 4. Current criteria compared with our models in our cohort.
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DISCUSSION

This is the first study conducted on a population of Italian ADS patients, with the aim of finding predictive factors of evolution into MS. We found that the MS risk is high in CIS and ADEM patients, whose MRI shows lesions of the corpus callosum and of the periventricular regions, T1 hypointense lesions, and whose clinical data reveal the presence of OCBs, and a past infection by EBV.

In comparison with previous findings [37; (5–7, 9, 14)], the present study has the following strengths: (1) the use of the recent IPMSSG 2013 criteria for the diagnosis of MS and other demyelinating disorders, (2) the exclusive inclusion of early onset MS patients (maximum age of 16 years at onset), and (3) the research into MS predictors valid for both patients with ADEM and CIS-like onset.

In the pediatric age range, MS can be difficult to predict at the time of the first ADS, especially in very young children. In 2007, the IPMSSG proposed provisional definitions for pediatric acquired demyelinating disorders of the CNS (21). The revised McDonald criteria deals with MS diagnosis in children on the basis of studies providing further insight into clinical, CSF and MRI features (9). However, all versions of the McDonald diagnostic criteria are based on studies in patients with MS onset in adulthood. Although the diagnostic ability of the 2010 McDonald criteria in children is similar to that in adults (9, 22, 23), caution must be taken when applying the 2010 criteria to children aged younger than 11 years (9). Considering these limits, in 2013 the IPMSSG decided to revise the diagnostic criteria in order to facilitate the diagnosis of inflammatory demyelinating diseases in children (16).

Can ADEM Evolve Into MS?

Using the IPMSSG 2013 criteria in our patients, we found that the overall risk of MS after an initial inflammatory demyelinating event was 35%, in line with data reported in the previous case series (21–57%) [(1–3); 37, 38].

Our results show that the onset phenotype (ADEM or CIS) did not determine the risk of evolution to MS. In particular, in our ADEM patients, the risk of progression to MS was 21.2%, similar to that reported in previous studies (10–29%) [38; (1–3, 24)]. This means that not only patients with CIS but also those with a first ADEM-like ADS can develop MS. Our findings support the recent concept of a partial overlap between ADEM and MS, especially in pediatric patients. The IPMSS 2013 criteria focusses on this overlap, considering the possibility of a diagnosis of MS after a first episode of ADEM (24).

Clinical, Laboratory, and MRI Predictors

Concerning the evolution to MS, we found that a recent infection represented a protective factor (OR 0.124; p = 0.01), since most of the patients with a recent infection (63.2%) did not evolve to MS. In most cases, the infections involved the upper respiratory or gastrointestinal tract, and were associated with viral or bacterial agents that could not be identified by means of serological tests. The protective role of a recent infection in patients with ADS has also been described in a previous study (4). We can therefore hypothesize that, in patients with a recent infection, demyelinating lesions are probably due to a transient, and self-limited post-infectious immunological response (25).

In the present study, previous infection with EBV, documented by serum IgG positivity, was associated with an increased risk of progression to MS (OR 11.52; p < 0.001). In particular, serum anti-EBV IgG positivity was detected in 100% of ADEM patients evolving to MS, and in only 34.6% of ADEM patients with monophasic disease (p < 0.001). Previous studies have shown that serum anti-EBV IgG is more frequently found in children with MS (85–88%) than in healthy individuals (44–77%) (26–29). The role of EBV in the pathogenesis of MS in not clearly understood, but several hypotheses have been proposed (30, 31). MS may be the result of the ability of EBV to establish a persistent brain infection in persons predisposed to develop the disease, allowing EBV-infected B cells to accumulate in the CNS (30). A deficiency in CD8+ effector memory T cells, reported in MS patients (31), may explain a possible impairment in EBV infection control (32).

Our results underline the importance of OCB detection in children and adolescents with a first ADS. In our patients, OCB positivity in the CSF was an important predictor of the evolution to MS (OR 9.23; p < 0.001). Although the presence of OCB is not pathognomonic for MS, as OCBs are detected in 8–15% of ADS children who will not develop MS [(2, 24); 38], the presence of OCB in the CSF should be considered a strong predictor of MS evolution (33). In adult MS patients, the presence of oligoclonal bands increases the risk of clinically definite multiple sclerosis [adjusted hazard ratio 1.3 (1.0–1.8)] and of disability [adjusted hazard ratio 2.0 (1.2–3.6)], regardless of other factors (34). In a recent pediatric prospective study, OCBs were positive in 70% of MS patients (18). While OCB positivity was excluded from the 2010 criteria, in the latest 2017 version of the McDonald criteria, the presence of OCBs is considered a criterion for DIT (35).

Previous studies have shown that anti-MOGAbs can be found in pediatric patients with ADEM and NMOSD (20) and have a protective influence against developing MS (18–20). In our study, anti-MOGAbs were found in 16.6% of patients tested, none of which presented an evolution to MS.

Considering the brain and spine MRI at the onset in our cohort, neuroradiological features that showed the highest specificity with the highest predictive value of evolution into MS included: (1) at least one Dawson finger, (2) at least one periventricular lesion, and (3) at least one hypointense lesion on T1 (Figure 4). However, this model had low sensitivity (76.2%), probably because of a low incidence of Dawson fingers in pediatric MS, in particular at the onset of the disease (36). Dawson fingers, attributed to inflammation around the long axis of medullar veins, are considered highly specific for multiple sclerosis (36), so they are included in the KIDMUS (Kids with Multiple Sclerosis) criteria (37). Recently, a large prospective study found that one or more T1 hypointense lesions and T2 periventricular lesions are strongly associated with a diagnosis of MS in children (18).
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FIGURE 4. Representative MRI scans. (A) Axial T2 Flair MRI of a 15-year-old girl featuring Dawson's finger lesions (yellow arrows); (B) axial T2 Flair MRI, and (C) axial T1 MRI of a 16-year-old girl showing periventricular (red arrows) and corpus callosum (green arrow) lesions, and T1 hypointense lesions.



In order to obtain good sensitivity and specificity, we built a second model that included: (1) at least one periventricular lesion, (2) at least one lesion of the corpus callosum, and (3) at least one T1 hypointense lesion (Figure 4). This model showed a specificity of 96, a sensitivity of 80, and an accuracy of 96.7%. While the presence of periventricular lesions and T1 hypointense lesions have already been included in a previous study (5), lesions of the corpus callosum, regardless of their morphology, have never been considered in the previous pediatric diagnostic criteria. Our data are supported by a study showing a predictive value of corpus callosum lesions (HR 0.16 CI 0.03-0.89; p = 0.04) (4).

The main limitation of our study is represented by its retrospective design. In particular, this negatively affected the total number of recruited patients. However, in order to obtain reliable results, we analyzed variables that could be available in all patients. Future prospective studies will hopefully validate the predictive models proposed in this paper.

Conclusions

This is the first study to assess the risk of evolution into MS in an Italian pediatric population at a first ADS. In comparison with the 2010 McDonald criteria, both neuroradiological models proposed in our study have the advantage of being independent of the age at onset and of ADEM-like onset. Moreover, our first neuroradiological model showed the same high specificity and PPV as KIDMUS (100%), but had better sensitivity (76.2 vs. 38%). The sensitivity was increased further in our second model (80%), which maintained a high specificity (96%).

AUTHOR CONTRIBUTIONS

LP is responsible for the study concept and design, and performed data acquisition. LF collects and analyzes the MRI data. AS contributed to data acquisition. DC and FV conducted the critical revision of the manuscript for intellectual content. MV performed the analysis and interpretation of data, and conducted the study supervision.

ACKNOWLEDGMENTS

LP is attending a Ph.D. program in Biotechnology of Sapienza University of Rome. We thank Dr. Pierfrancesco Alaimo Di Loro, of the Department of Statistics of Sapienza University for statistical analysis.

REFERENCES

 1. Langer-Gould A, Zhang JL, Chung J, Yeung Y, Waubant E, Yao J. Incidence of acquired CNS demyelinating syndromes in a multiethnic cohort of children. Neurology (2011) 77:1143–8. doi: 10.1212/WNL.0b013e31822facdd

 2. Banwell B, Bar-Or A, Arnold DL, Sadovnick D, Narayanan S, McGowan M, et al. Clinical, environmental, and genetic determinants of multiple sclerosis in children with acute demyelination: a prospective national cohort study. Lancet Neurol. (2011) 10:436–45. doi: 10.1016/S1474-4422(11)70045-X

 3. Dale RC, Pillai SC. Early relapse risk after a first CNS inflammatory demyelination episode: examining international consensus definitions. Dev Med Child Neurol. (2007) 49:887–93. doi: 10.1111/j.1469-8749.2007.00887.x

 4. Tantsis EM, Prelog K, Brilot F, Dale RC. Risk of multiple sclerosis after a first demyelinating syndrome in an Australian Paediatric cohort: clinical, radiological features and application of the McDonald 2010 MRI criteria. Mult Scler. (2013) 19:1749–59. doi: 10.1177/1352458513484377

 5. Verhey LH, Branson HM, Shroff MM, Callen DJ, Sled JG, Narayanan S, et al. MRI parameters for prediction of multiple sclerosis diagnosis in children with acute CNS demyelination: a prospective national cohort study. Lancet Neurol. (2011) 10:1065–73. doi: 10.1016/S1474-4422(11)70250-2

 6. Ketelslegers IA, Catsman-Berrevoets CE, Neuteboom RF, Boon M, van Dijk KG, Eikelenboom MJ, et al. Incidence of acquired demyelinating syndromes of the CNS in Dutch children: a nationwide study. J Neurol. (2012) 259:1929–35. doi: 10.1007/s00415-012-6441-6

 7. Callen DJ, Shroff MM, Branson HM, Lotze T, Li DK, Stephens D, et al. MRI in the diagnosis of pediatric multiple sclerosis. Neurology (2009) 72:961–7. doi: 10.1212/01.wnl.0000338629.01627.54

 8. Callen DJ, Shroff MM, Branson HM, Li DK, Lotze T, Stephens D, et al. Role of MRI in the differentiation of ADEM from MS in children. Neurology (2009) 72:968–73. doi: 10.1212/01.wnl.0000338630.20412.45

 9. Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al. Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol. (2011) 69:292–302. doi: 10.1002/ana.22366

 10. Freedman MS, Comi G, De Stefano N, Barkhof F, Polman CH, Uitdehaag BM, et al. Moving toward earlier treatment of multiple sclerosis: Findings from a decade of clinical trials and implications for clinical practice. Mult Scler Relat Disord. (2014) 3:147–55. doi: 10.1016/j.msard.2013.07.001

 11. Waldman A, Ghezzi A, Bar-Or A, Mikaeloff Y, Tardieu M, Banwell B. Multiple sclerosis in children: an update on clinical diagnosis, therapeutic strategies and research. Lancet Neurol. (2014) 13:936–48. doi: 10.1016/S1474-4422(14)70093-6

 12. Ghezzi A. Pediatric multiple sclerosis: update in diagnosis and management. Eur Neurol. (2014) 72(Suppl. 1):26–8. doi: 10.1212/WNL.0000000000000885.

 13. Kornek B, Schmitl B, Vass K, Zehetmayer S, Pritsch M, Penzien J, et al. Evaluation of the 2010 McDonald multiple sclerosis criteria in children with a clinically isolated syndrome. Mult Scler. (2012) 18:1768–74. doi: 10.1177/1352458512444661

 14. Sadaka Y, Verhey LH, Shroff MM, Branson HM, Arnold DL, Narayanan S, et al. Canadian pediatric demyelinating disease network. 2010 McDonald criteria for diagnosing pediatric multiple sclerosis. Ann Neurol. (2012) 72:211–23. doi: 10.1002/ana.23575

 15. Banwell B, Kennedy J, Sadovnick D, Arnold DL, Magalhaes S, Wambera K, et al. Incidence of acquired demyelination of the CNS in Canadian children. Neurology (2009) 72:232–9. doi: 10.1212/01.wnl.0000339482.84392.bd.

 16. Krupp LB, Tardieu M, Amato MP, Banwell B, Chitnis T, Dale RC, et al. International Pediatric Multiple Sclerosis Study Group criteria for pediatric multiple sclerosis and immune-mediated central nervous system demyelinating disorders: revisions to the 2007 definitions. Mult Scler. (2013) 19:1261–7. doi: 10.1177/1352458513484547

 17. Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W, Chitnis T, et al. (2015). International Panel for NMO Diagnosis. International consensus diagnostic criteria for neuromyelitis optica spectrum disorders. Neurology 85:177–189. doi: 10.1212/WNL.0000000000001729

 18. Fadda G, Brown RA, Longoni G, Castro DA, O'Mahony J, Verhey. MRI and laboratory features and the performance of international criteria in the diagnosis of multiple sclerosis in children and adolescents: a prospective cohort study. Lancet Child Adoles Health (2018) 2:192–204. doi: 10.1016/S2352-4642(18)30026-9

 19. Ketelslegers IA, Van Pelt DE, Bryde S, Neuteboom RF, Catsman-Berrevoets CE, Hamann D, et al. Anti-MOG antibodies plead against MS diagnosis in an acquired demyelinating syndromes cohort. Mult Scler. (2015) 21:1513–20. doi: 10.1177/1352458514566666

 20. Hennes EM, Baumann M, Schanda K, Anlar B, Bajer-Kornek B, Blaschek A, et al. BIOMARKER Study Group. Prognostic relevance of MOG antibodies in children with an acquired demyelinating syndrome. Neurology (2017) 89:900–8. doi: 10.1212/WNL.0000000000004312

 21. Krupp LB, Banwell B, Tenembaum S. Consensus definitions proposed for pediatric multiple sclerosis and related disorders. Neurology (2007) 68:S7–12. doi: 10.1212/01.wnl.0000259422.44235.a8

 22. McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP, Lublin FD, et al. Recommended diagnostic criteria for multiple sclerosis: guidelines from the international panel on the diagnosis of multiple sclerosis. Ann Neurol. (2001) 50:121–7. doi: 10.1002/ana.1032

 23. Polman CH, Reingold SC, Edan G, Filippi M, Hartung HP, Kappos L, et al. Diagnostic criteria for multiple sclerosis: 2005 revisions to the “McDonald Criteria”. Ann Neurol. (2005) 58:840–6. doi: 10.1002/ana.20703

 24. Neuteboom RF, Boon M, Catsman Berrevoets CE, Vles JS, Gooskens RH, Stroink H, et al. Prognostic factors after a first attack of inflammatory CNS demyelination in children. Neurology (2008) 71:967–73. doi: 10.1212/01.wnl.0000316193.89691.e1

 25. Armangue T, Moris G, Cantarín-Extremera V, Conde CE, Rostasy K, Erro ME, et al. Autoimmune post-herpes simplex encephalitis of adults and teenagers. Neurology (2015) 85:1736–43. doi: 10.1212/WNL.0000000000002125

 26. Alotaibi S, Kennedy J, Tellier R, Stephens D, Banwell B. Epstein-Barr virus in pediatric multiple sclerosis. JAMA (2004) 291:1875–9. doi: 10.1001/jama.291.15.1875

 27. Pohl D, Krone B, Rostasy K, Kahler E, Brunner E, Lehnert M, et al. High seroprevalence of Epstein- Barr virus in children with multiple sclerosis. Neurology (2006) 67:2063–5. doi: 10.1212/01.wnl.0000247665.94088.8d

 28. Banwell B, Krupp L, Kennedy J, Tellier R, Tenembaum S, Ness J, et al. Clinical features and viral serologies in children with multiple sclerosis: a multinational observational study. Lancet Neurol. (2007) 6:773–81. doi: 10.1016/S1474-4422(07)70196-5

 29. Waubant E, Mowry EM, Krupp L, Chitnis T, Yeh EA, Kuntz N, et al. The US pediatric MS network. Common viruses associated with lower pediatric multiple sclerosis risk. Neurology (2011) 76:1989–95. doi: 10.1212/WNL.0b013e31821e552a

 30. Pender MP. The essential role of epstein-barr virus in the pathogenesis of multiple sclerosis. Neuroscientist (2011) 17:351–67. doi: 10.1177/1073858410381531

 31. Pender MP, Csurhes PA, Pfluger CM, Burrows SR. Deficiency of CD8+ effector memory T cells is an early and persistent feature of multiple sclerosis. Mult Scler. (2014) 20:1825–32. doi: 10.1177/1352458514536252

 32. Fernández-Menéndez S, Fernández-Morán M, Fernández-Vega I, Pérez-Álvarez A, Villafani-Echazú J. Epstein-Barr virus and multiple sclerosis. From evidence to therapeutic strategies. J Neurol Sci. (2016) 361:213–9. doi: 10.1016/j.jns.2016.01.013

 33. Heussinger N, Kontopantelis E, Gburek-Augustat J, Jenke A, Vollrath G, Korinthenberg R, et al. Oligoclonal bands predict multiple sclerosis in children with optic neuritis. Ann Neurol. (2015) 77:1076–82. doi: 10.1002/ana.24409

 34. Tintore M, Rovira À, Río J, Otero-Romero S, Arrambide G, Tur C, et al. Defining high, medium and low impact prognostic factors for developing multiple sclerosis. Brain (2015) 138:1863–74. doi: 10.1093/brain/awv105

 35. Thompson A, Banwell B, Barkhof F, Carroll WM, Coetzee T, Comi G, et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol. (2017) 17:162–73. doi: 10.1016/S1474-4422(17)30470-2

 36. Palmer S, Bradley WG, Chen DY, Patel S. Subcallosal striations: early findings of multiple sclerosis on sagittal, thin-section, fast FLAIR MR images. Radiology (1999) 210:149–53. doi: 10.1148/radiology.210.1.r99ja38149

 37. Mikaeloff Y, Adamsbaum C, Husson B, Vallée L, Ponsot G, Confavreux C, et al. KIDMUS study group on radiology. MRI prognostic factors for relapse after acute CNS inflammatory demyelination in childhood. Brain (2004) 127:1942–7. doi: 10.1093/brain/awh218

 38. Mikaeloff Y, Suissa S, Vallée L, Lubetzki C, Ponsot G, Confavreux C, et al. KIDMUS Study group. First episode of acute CNS inflammatory demyelination in childhood: prognostic factors for multiple sclerosis and disability. J Pediatr. (2004) 144:246–52. doi: 10.1016/j.jpeds.2003.10.056

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Papetti, Figà Talamanca, Spalice, Vigevano, Centonze and Valeriani. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-09-01156-t001.jpg
/ADEM PATIENTS
Female sex (%)

Age at onset (Mean age, SD)
History of recent infection (%)
Fever at onset (%)

Oligocional Bands (%)

Evidence of past EBV infection (%)
Pathological MRI (%)

Evolution into MS (%)

CIS PATIENTS

Female sex (%)

Mean age (Mean age, SD)

History of recent infection (%)
Fever at onset (%)

Oligocional Bands (%)

Evidence of past EBV infection (%)
Pathological MRI (%)

CIS topography:

Optic Neuritis (n, %)

Brainstem

Spine

Other cerebral syndromes

424
77£37yrs
636
333
152
485
100
212

453
11,2435
283
13
491
54.7
"7

19.35.8)
13 (24.6)
10(18.9)
11(20.7)

Evolution into MS
3/19(15.7)
6/13 (46.1)

1143(7.7)
/11818





OPS/images/fneur-09-01156-t002.jpg
Frequency in MS vs. not MS (%)

Univariate analysis odds ratio (CI)

Sign. p-value

Cls

Comorbidties
Recent infection
Fever
Encephalopathy
Pyramidal
Brainstem

PPT Sensitivity
Proprioceptive
Cerebellar

Optic neuritis
Bowel and Blurred
0GB present
Pleocytosis

EBV IgM

EBVIgG

EBV per
MRI Fi
Brain MRI with lesions

Periventricular
Subcortical
Subtentorial
Spine

Deep WM
Cortical
Corpus callosum

Internal capsule

Basal Ganglia -Thalamus
Brainstem

Cerebelar hemispheres
Cerebellar peduncles
Optic nerve

Thalamus

61.3vs. 55 (p = 0.06)
22,6 vs. 43.3(p = 0.06)

F86.7M33.3 vs. F36.1M63.9 (p < 0.01)
124 +3.4vs.89+38(p < 0.01)

16.7v5.82 (0 = 0.19)
16.7vs. 63.2 (o < 0.01)
33vs.262 (0 <0.01)
267 vs. 42.6 (p = 0.15)
53.3vs. 44.3(p = 0.44)
36.7 vs. 18.1(p = 0.06)
36.7 vs. 16.4 (p =0.03)
33.4vs. 14.8 (o = 0.04)
36.7vs.24.6 (p =0.17)
16.7vs. 41 (0 =0.17)
Ovs. 13.1 (o = 0.03)
733 vs.23.1 (p < 0.01)
402 vs. 41.3(p = 0.56)
0vs.82 (0= 0.128)
86.7 vs. 36.1 (p < 0.01)
16.7v5.6.6 (0 = 0.12)

97.2vs. 72,3 (p = 0.01)

733 vs. 18 (p < 0.001)
80vs.39.3 (o < 0.001)
66.7 vs. 41 p = 0.01)
43.315.295(p =0.14)
83.3vs. 525 (p =031)
33vs.21.3 (0 =0.02)
73.3v5.9.8 (0 < 0.001)
13.3vs. 16.4 (o = 0.26)
0vs.23(p=002)
53.3vs.23 (p < 0.01)
46.7vs. 18 (p < 0.01)
333 vs. 1.4 (p =001)
17.6v5.82.4 (p = 0.11)
10vs. 25.4 (p = 0:

261(0.91-6.92)
0.41(0.15-1.09)

3.54 (1.41-8.91) per female sex

129 (1.12-1.48)
224(0.59-8.49)
0.18 (0.06-0.53)
0.09(0.01-0.77)
049 (0.18-127)
1.43 (0.59-3.46)
263 (0.97-7.07)
2.95 (1.08-8.07)
2.88(1.02-8.15)
1.77 (0.69-4.56)
028 (0.09-0.85)
0.01(0.00-0.01)

923 (3.37-25.28)
096 (0.39-2.34)
0.01(0.00-0.01)

11.52 (3.65-37.32)
285 (0.7-1151)

9.13 (1.14-73.1)

12.5 (4.42-35.35)
617 (2.19-17.3)
2.88(1.15-7.18)
1.82 (0.73-4.52)
453 (1.63-13.39)
0.12 0.01-1.02)
25 (7.83-81.1)
0.78 (0.22-2.74)
001(0.00-001)
3.8(1.6-9.75)
3.2(0.9-9.4)
2.88(1.02-8.15)
037 (0.09-1.41)
032 (0.08-1.2)

0.06
0.056
<0.01
<0.01

023
<0.01
<0.05

0.14

0.41
0.055

0.06

0.06

0.23
<0.05

0.99

<0.001
0.928
0.999
<0.001
0.142

0.03

<0.001
0.001
0.02
0.19
<0.01
0.05
<0.001
071
0923
<0.01
0.071
0.04
0.147
0.09

Dawson Finger
Asymmetrical WM
Symmetrical WM

Asymmetrical GM

Symmetrical GM

433vs. 1.6 (p < 0.001)
93:3vs. 65.6 (p < 0-005)
60.1vs. 393 (o = 0.05)
16.7vs. 21.3 (0 = 0.41)
6.7 vs.31.1 (o < 0.01)

45.8 (5.59-876.19)
7.35 (1.59-33.89)
2.31(0.94-5.64)
064 (0.22-1.88)
0.15 (0.03-0.73)

<0.001
0.01
0.06
0.42
0.05

Poorly demarcated edges
Welllimited edges

Black holes

Tumefactive lesions

Gad positive lesions

T1 hypointhense lesions

46.7 vs. 67.2 (p = 0.03)
83.3vs. 295 (p < 0.001)
33.3vs. 1.6 (0 < 0.001)
333vs. 1.6(p = 0.43)
733 vs.34.4 (p < 0.001)
66.7 vs. 4.9 (o < 0.001)

0.42 (0.17-1.04)
11.9 (3.95-36.12)
30 (3.61-249.1)
083 (0.33-2.05)
5.23(1.99-13.76)

38.66 (9.66-154.72)

0.06
<0.001
<0.01
0.692
0.001
<0.001





OPS/images/fneur-09-01156-g003.gif





OPS/images/fneur-09-01156-g004.gif





OPS/images/fneur-09-01156-t003.jpg
Model 0Odds ratio (CI) P value Sensibility, specificity,
PPV, NPV, and accuracy

INOT NEUR

OCB IgG positivity in CSF OR 9.4 (2.96-29.83) 0.001 66%; 93%; 83%; 85%; 93.4%

Serum EBV IgG positivity OR 11.77 (3.18-43.24) <0.001
Atleast one Dawson Finger OR 15.42 (1.13-200.73) 0.01 76.2%; 100%; 100%; 87.4%; 91%
Atleast one periventricular lesion OR 12.42 (2.83-54.58) <0001

Atleast one T1 hypointense lesion OR 25.48 (4.5-144.22) <0.001

Atleast one corpus callosum lesion OR8.87 (1.89-41.67) <0.005 80%; 96%; 92%; 90%; 96.7%
Atleast one periventricular lesion OR 11.64 (2.51-54.01) <0.005

OR 29.74 (4.91-180.16)

OCB IgG positivity in CSF OR 4.8 (1.16-20.49) <0.01 75%, 92%, 87%, 84.2%, 88.5%.

At least one periventricular lesion OR 10.13 (2.26-45.33) <0.01
At least one T1 hypointense lesion OR 45.34 (7.43-276.69) <0.001
Serum EBV IgG positivity OR 32.65, Cl 8.36-231.76 <0.001 60%, 100%, 100%, 89.6%, 90.9%.
At least one periventricular lesion OR4.5,Cl1.23-16.72 <0.01
At least one T1 hypointense lesion OR 25.18 C1 6.56-135.87 <0.001

*Only for MS with ADEM like onset.





OPS/images/fneur-09-01156-t004.jpg
Criteria

Features

Sensibilty
95% CI
Specificty
95% CI
PPV

95% CI
NPV
95%CI

KIDMUS 2004

Two of two: -lesions
perpendicular to the
long axis of the corpus
callosum - well-defined
lesions

21-47%
38.5%
98-100%
100%
82-100%
100%
61-87%
74%

McDonald2005
(Barkhof)

Three of four: 29
T2 lesions o 1 gad
+ lesion >3
periventricular =1
subtentorial >1
subcortical

56-91%
56%
30-100 %
85%
34-69%
70%
40-98%
7%

Bold figures refer to criteria applied to our cohort.
“Chidren under the age of 12.

Callen per
MS 2009

Two of thres:
>5T2lesion
=2
periventricular
=1 brainstem

26-74%
45%
68-100%
90%
37-97%
60%
90-91%
70%

Callen MS
vs. ADEM
2009

Two of three
-no diffuse
bilateral
lesions -
black holes
=1
brainstem
lesion

95%
16%
90%
100%
71%
100%
99%
76%

McDonald
2010 DIS

Two of four
21
periventricular
=1
subcortical
=1
subtentorial >
1spine

85-100%
85%
80-86%"
61%
76%"
58%
100%*
88%

Verhey 2011

Two of twor
21
periventricular
21T
hypointhense

70-84%
80%
90-93%
91.4%
76%
85%
96%
91%

1 model

Dawson
Finger 21
periventricular
lesion 21 T1
hypointhense
lesion

76%

100%

100%

87%

Il model

>1
Periventricular
lesion >1
Corpus
callosum
lesion =1 T1
hypointhense
lesion

80%

96%

92%

90%





OPS/images/fneur-09-01156-g001.gif
150 Bpacia O ANS aieed
e e 20 ek 07
e e 115 conimed i A5

o e et e e e
i e e o

Gigronsstome

pr—






OPS/images/fneur-09-01156-g002.gif





OPS/images/cover.jpg
, frontiers
in Neurology

Predictors of Evolution Into Multiple
Sclerosis After a First Acute
Demyelinating Syndrome in Children
and Adolescents









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





