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Objective: To study the clinical characteristics and treatment of pediatric opsoclonus-myoclonus syndrome (OMS).

Methods: We analyzed the clinical data of nine children OMS between June 2017 and Nov 2020.

Results: Nine children (M/F = 3:6, median onset age was 18 months) diagnosed with OMS were included in the study. Before onset, human rhinovirus and respiratory syncytial virus were seen in one patient, respectively. And one patient received Japanese encephalitis vaccination. Three patients had neuroblastoma, and one patient had ganglioneuroblastoma. All patients' symptoms were improved after receiving surgery (for four patients with tumor), intravenous human immunoglobulin and pulsed methylprednisolone. However, four patients without mass relapsed and became relapse free after rituximab treatment. The relapse rate was 44.4% (4/9). The OMS severity score at the last follow-up was significantly lower than the OMS severity score at onset (3.0 ± 1.0 vs. 11.0 ± 2.2, paired-samples t-test, P < 0.001). All patients had at least one item of neurological symptoms or neuropsychological disturbances.

Conclusion: For pediatric OMS, human rhinovirus infection and respiratory syncytial virus infection can be seen before onset. Rituximab is effective in reducing relapse. Improving recognition and long-term prognosis in OMS is urgent.
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INTRODUCTION

Opsoclonus-myoclonus syndrome (OMS) is a rare neurological disease. The incidence of OMS was 0.18 cases per million population per year in a prospective survey of United Kingdom pediatric neurology centers and 0.27 to 0.40 cases per million in Japanese children (1, 2). It usually affects children with a median age of 18–22 months (3). The disease is characterized by acute or subacute episodes of ataxia, opsoclonus (bursts of high-frequency oscillations of the eyes with horizontal, vertical, and torsional saccades), myoclonus (non-epileptic involuntary jerks of the limbs and trunk), irritability, sleep disturbances, and behavioral disruption (3). The absence of one or some distinctive features in the early stages of the disease may delay the diagnosis of OMS by weeks or months. OMS is a rare paraneoplastic or possibly post-viral severe neurologic syndrome (3). In adults with paraneoplastic OMS, small cell lung cancer, breast carcinoma, and ovarian teratoma were the most frequently reported tumors. In contrast, more than half of pediatric OMS cases are associated with neuroblastoma (NB) (3). Although the etiology of OMS is thought to be immune mediated, disease-associated autoantibodies have yet to be identified. OMS is an important differential diagnosis of acute post-infection cerebellar ataxia, with significant differences in treatment and prognosis. About 70% of children with OMS suffer from motor, cognitive, and language impairment, so early diagnosis and timely treatment are crucial (4, 5). In order to improve recognition and determine the optimal treatment approach for children with OMS, we conducted a single-center retrospective review of children with OMS at Guangzhou Women and Children's Medical Center in China between June 2017 and Nov 2020.



MANUSCRIPT FORMATTING


Subjects and Methods
 
Subjects

Children with OMS were retrospectively recruited from June 2017 and Nov 2020 in the department of neurology of Guangzhou Women and Children's Medical Center, one of the National Children's Medical centers in China. Diagnostic criteria for OMS was defined as requiring three of the four following features (3): (1) opsoclonus, (2) myoclonus or ataxia, (3) behavioral change or sleep disturbance, and (4) NB. The relapse of OMS was defined as worsening of OMS symptoms lasting for at least 72 h after a period of stability or improvement for at least 30 days, or the escalation of immunotherapy as a proxy measure (6). This study was approved by the Ethics Committee of Guangzhou Women and Children's Medical Center. Written and signed consent was obtained from the patient's parents or guardians, who also explicitly consented to publish their personal details, clinical data and images that could identify them.



Methods
 
Clinical Data Collection

Clinical data, including the history of prodromal infection and vaccination, clinical manifestations, laboratory tests, neuroelectrophysiological examination, imaging data, treatments, and prognosis, were retrieved from electronic medical records and electronic medical record-assisted telephone follow-up. A standardized 0–15 point grading scale for OMS symptom severity, developed by Drs. Wendy Mitchell and Michael Pike, was used. And symptoms assessed in the scale included stance, gait, hand and arm function, opsoclonus, mood and behavior (7). The development quotient (DQ) of patients was calculated by Gesell development schedules at last follow-up visit.



Statistical Analysis

Statistical analysis was performed with IBM SPSS 20.0 for windows (SPSS Inc., Chicago IL, USA). Quantitative data with normal distribution were described by mean ± SD and compared by independent t-test or paired samples t-test. The correlation between two Quantitative data with normal distribution was analyzed by the Pearson correlation coefficient analysis. Categorical data were described as frequency and percentage otherwise as median with the range. P < 0.05 (two-sided) was considered statistically significant. Figures were graphed using GraphPad Prism 7.01 (GraphPad Software Inc., US).




Results
 
Demographic and Clinical Characteristic Data

A total of nine children (male: female was 3:6) diagnosed with OMS were involved. The median age of symptom onset was 18 months (ranged from 10 to 20 months), while the median age of diagnosis was 22 months (ranged from 13 to 35 months). All patients normally developed before the onset of OMS. At the initial evaluation in our hospital, opsoclonus, myoclonus, and ataxia were seen in all nine patients. Five patients had sleep disturbances (#2,3,5,8,9), seven patients (#1,2,3,4,7,8,9) displayed irritability and five patients (#3,5,7,8,9) exhibited speech disorders. The OMS severity score at the initial evaluation in our hospital was 11 ± 2.2. During the whole disease course, ataxia, opsoclonus, myoclonus, motor and sleep disturbances were seen in all patients, while irritation (#1,2,3,4,5,7,8,9) and speech disorders (#1,2,3,5,6,7,8,9) were found in eight patients.




Prodromal Events

Seven patients (#1,2,3,4,5,8,9) had prodromal events 1 week before symptom onset. Six of them had upper respiratory infection disease (#1,3,4,5,8,9), and one patient (#2) had vomiting and diarrhea, while this patient also received an anti-Japanese encephalitis vaccination 1 week before onset.



Ancillary Test Results
 
Peripheral Blood Test

Blood lactic acid/pyruvic acid, blood ammonia, blood urine organic acids, amino acids and blood acylcarnitine were tested normal in all patients.



Pathogenic Examination

Seven patients (#1,2,3,4,6,7,9) were tested for human chlamydia psittaci, mycoplasma pneumonia, respiratory adenovirus, enterovirus, influenza A, influenza B, human rhinovirus, respiratory syncytial virus with throat swab samples. Patient #1's was positive for human rhinovirus and patient #2's was positive for respiratory syncytial virus. Cerebrospinal fluid (CSF) was tested negative for the nucleic acid of enterovirus, influenza A, influenza B, Herpes simplex virus, Epstein-Barr virus, Cytomegalovirus and antibodies of human chlamydia psittaci and mycoplasma pneumonia in all patients.




Screening for Tumors and Tumor Characteristics
 
Tumor Markers

All patients underwent tumor markers tests, including 24-h urinary vanillylmandelic acid, serum neuron enolase, alpha-fetoprotein and other examinations. All findings are within normal ranges, except mild increase of serum neuron enolase in three patients (#1, 2, 4).



Tumor Detection

All patients underwent chest and abdomen computed tomography for tumor detection. Chest mass was in three patients (#1,4,6), while abdominal mass was found in two patients (#5,9). Four (#1, 4, 6, 9) of these five patients underwent bone marrow examination through bone marrow puncture, and the results were normal. These four patients received tumor removal surgical treatment. According to the pathology results of the tumor, three patients (#1,4,9) were diagnosed as NB (all their tumor were at stage 2 assessed by international NB staging system) and one patient (#6) was diagnosed as ganglioneuroblastoma (stage 1 assessed by international NB staging system, more details seen in Table 1). One patient (#5) declined surgery treatment.


Table 1. Clinical and histological characteristics of NB patients with OMS.
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Brain Magnetic Resonance Image and Electroencephalography

All patients underwent brain magnetic resonance image and electroencephalography examination. Eight patients showed no abnormalities in brain magnetic resonance image and one patient (#1) showed the lateral ventricle slightly enlarged. Electroencephalography in two patients (#7, 9) showed non-specific slow wave background and electroencephalography in the others were normal.



Treatment

Four patients (#1,4,6,9) with tumor were treated with surgery, intravenous human immunoglobulin (IVIG) (a dose of 2 g/kg over a period of 2–5 days) combined with intravenous pulsed methylprednisolone (IVMP, 10–15 mg/kg/day infusion for 3 days) and chemotherapy (for patient #1,4,9). Their Symptoms were improved without relapse and OMS severity score decreased (details seen in Table 2; Figure 1). One patient (#5) with mass declined surgery treatment and only received IVIG treatment (a dose of 2 g/kg over a period of 5 days). Her OMS scores decreased from 11 to 2 in the last follow-up (details seen in Table 2; Figure 1).


Table 2. Clinical features, treatment, and prognosis of children with OMS (N = 9).
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FIGURE 1. The change of OMS severity score and immunotherapy of five patients with tumor or mass during the clinical course.


Four patients (#2,3,7,8) without tumor or mass received initial IVIG and IVMP treatment tapered off within 6 months. Symptoms in these four patients were improved, but they had several relapses during the weaning off steroids (the dose of prednisone ranged from 0.42 to 1.25 mg/kg/d when relapsed). During relapses, IVIG combined with IVMP treatment could still improve OMS symptoms. These four patients experienced one to the three times relapses, so they received Rituximab (RTX) treatment (375 mg/m2 weekly for 4 weeks). After RTX treatment, the patients' condition was improved and they did not relapse during a follow-up ranging from 6 to 29 months (more details seen in Table 2; Figure 2).
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FIGURE 2. The change of OMS severity score and immunotherapy of four relapsed patients during the clinical course.




Course and Relapse

The median interval between onset and diagnosis was 4.5 months (ranged from 4 weeks to 17 months). The relapse rate was 44.4% (4/9). The relapse rate in patients with tumor or mass was 0%, while in patients without tumor or mass was 100% (more details seen in Table 2; Figure 1).



Follow-Up

Up to Nov 2020, none was lost to follow-up. The median follow-up interval was 25 months (ranging from 10 to 36 months). The OMS severity score at the last follow-up was significantly lower than the OMS severity score at onset (3.0 ± 1.0 vs. 11.0 ± 2.2, paired-samples t-test, P < 0.001). The DQ of patients at the last follow-up was 77.6 ± 9.8 (ranged from 65 to 94, more details seen in Table 2). The DQ of patients at the last follow-up was not correlated with the age at onset, the OMS severity score of onset or last follow-up, the number of relapses, the duration of follow-up (P > 0.05, Pearson correlation coefficient analysis). There was no statistical difference in the DQ at the last follow-up between patients with tumor or not (76.8 ± 11.3 vs. 78.5 ± 9.1, t = 0.244, independent t-test, P = 0.814). There was no statistically difference in the DQ at the last follow-up between patients receiving RTX treatment or not (78.5 ± 9.1 vs. 76.8 ± 11.3, t = −0.244, independent t-test, P = 0.814). All patients had at least one item of neurological symptoms or neuropsychological disturbances at the most recent evaluation. Eight patients (88.9%) had delayed speech development, typically present with lack of vocabulary. Five patients (55.6%) had mild ataxia, 2 (22.2%) had mild opsoclonus, and 3 (33.3%) had behavioral disorders characterized by irritability, hyperactivity, and restlessness in sleep. None of the children with NB had tumor recurrence during the follow-up period.




Discussion

Our study described nine pediatric patients with OMS retrospectively. Their median age at onset was 18 months (ranged from 10 to 20 months), similar to the onset age in other reports, ranging from 6 months to 4 years (2, 5, 8–13). The ratio of male to female is 3:6, which was also consistent with other reports showing OMS with a female predominance (8, 9).

Though Marcel Kinsbourne first described OMS in 1962, the pathogenesis of OMS is still unclear. Before OMS onset, some patients could have infectious events and a few children with NB could develop OMS. In Pranzatelli et al.'s study, 31% of patients had prodromal symptoms of a possible non-specific upper respiratory illness, vomiting in 26%, diarrhea in 14%. In our study, six patients had symptoms of upper respiratory tract infection, and one patient had both vomiting and diarrhea. In many case reports, the virus was the most common infectious seen in OMS, including west-Nile virus (14, 15), human herpes virus-6 (16, 17), Epstein-Barr virus (18), adenovirus (19), influenza A virus (20), varicella-zoster virus (21), rotavirus (22) and herpes simplex virus (23). OMS onset followed mycoplasma pneumonia has also been reported (24–27). In our study, two patients had rhinovirus infection and respiratory syncytial virus infection, respectively. Rhinovirus infection and respiratory syncytial virus infection were not reported in previous studies. Viral illnesses are prevalent among patients and healthy children at the age of OMS onset. Whether these infections are occasionally presented in OMS or play a role in the pathogenesis of OMS needs further investigation. Moreover, it is also important to note that the presence of infection does not exclude a NB (as patient #1, 4, and 9 in our study), and therefore one always needs to look for NB. Interestingly, one female patient in our study received Japanese encephalitis vaccination before OMS onset. OMS onset followed by receiving vaccination was rare. In previous studies, two OMS female patients (one was 11 years old and the other one was 30 years old) received human papilloma virus vaccination and anti-Rubella vaccination about 2 weeks before OMS onset (28, 29). Japanese encephalitis vaccination was associated with some autoimmune diseases in the central nervous system like anti-N-Methy-D-aspartate receptor encephalitis and acute disseminated encephalomyelitis (30). Though there was no direct evidence about how the Japanese encephalitis vaccination triggered these autoimmune diseases, Wang et al. found some miRNAs associated with the Japanese encephalitis vaccination, were closer to let-7 family which was related to anti-N-Methy-D-aspartate receptor encephalitis by phylogenetic tree analysis (30). And Wang et al.'s study also provided a protocol for investigating the association of vaccination and anti-N-Methy-D-aspartate receptor encephalitis. This method may be helpful to study the association of infection or vaccination with OMS in further study.

The classic clinical manifestations of OMS are opsoclonus (conjugation, non-phasic, fast and multi-direction), myoclonus (non-epileptic limb convulsions), ataxia, sleep disturbances, cognitive dysfunction, and behavioral (3). The earlier appearance of ataxia than opsoclonus or myoclonus in OMS may provide one reason why acute cerebellar ataxia is such a diagnostic pitfall. In Pranzatelli et al.'s studies, the interval between OMS onset and diagnosis was 2.8 months in 2005, while it was 1.2 months in 2017. In Mitchell et al.'s study, the interval between OMS onset and diagnosis ranged from 2 days to 14 months. In our study, this interval ranged from 1 to 17 months, with a median interval of 3 months. Evidence suggests that at least 20% of OMS cases have an atypical presentation. For example, opsoclonus may occur 1–18 months after onset, so the diagnosis is often delayed by weeks or months (31). Opsoclonus is a vital symptom to distinguish OMS from acute ataxia. Though some of the patients in our study presented ataxia, myoclonus, and opsoclonus at first, were misdiagnosed by their primary care doctors as acute cerebellar ataxia before admission to our hospital. These might be caused by neglecting the opsoclonus symptom, or the OMS was a rare disorder and not be well-known by doctors who were not neurologist. OMS was rarely resolved spontaneously without immunotherapy (acute cerebellar ataxia does). For patients with ataxia presentation, if opsoclonus is observed, OMS diagnosis should be taken into consideration.

Some of the OMS is associated with malignancies. In adults, OMS is primarily associated with breast cancer and lung cancer. In children, OMS is associated in more than half of cases with NB (3). Interestingly, for reasons as yet unknown, the survival rate of children with OMS and NB is far better than that of the general population of children with NB. NB with OMS symptoms has a lower grade and no MYCN oncogene amplification and tends to have a better prognosis. OMS-associated NB is typical of low risk and carries an excellent prognosis. Low-grade tumors are often metabolically inactive, resulting in an increased urinary catecholamine uncommon. Increased vanillylmandelic acid levels can be detected only in 21% of OMS children with NB (11). In this study, four children with OMS diagnosed with NB showed normal urinary vanillylmandelic acid and no amplification of MYCN oncogene in the tumor tissues, similar to the results reported by Brunklaus et al. (32). Autoimmune pathophysiology is thought to be possible in OMS disease. And patients appear to respond to immunosuppressive treatment such as IVIG, methylprednisolone, dexamethasone, adrenocorticotropic hormone, RTX and cyclophosphamide pulses. International shared guidelines stating the optimal combination and duration of different immunomodulatory drugs are still lacking. In the beginning, the treatment protocol for OMS in our center was that when patients still relapsed after three cycles of IVIG combined with IVMP, then RTX treatment should be considered (#2, 3). Later, based on the good response of RTX treatment in case 2 and case 3, and more international studies have suggested that the effect of RTX in OMS, especially when given early in the disease course, improved OMS outcome. So we advanced the time of initiating RTX treatment when the patients still relapsed after two cycles of IVIG combined with IVMP treatment (#7, 8). In our study, neurological symptoms in patients with or without tumors were improved after treatment with IVIG combined with IVMP or IVIG only (2, 5, 9–13) (More details seen in Supplementary Material). Moreover, a randomized, open-label, phase 3 trial study from de Alarcon et al. showed that even for children with OMS associated with neuroblastoma, the addition of IVIG to prednisone and risk-adapted chemotherapy improved treatment response rate significantly (33). However, some patients would experience relapse. In our study, all patients without tumor or mass experienced relapse during weaning of steroid. This result was similar to previous studies (34). After treatment with RTX, all these four patients without tumor or mass in our study became relapse free. RTX is an anti-CD20 monoclonal antibody that depletes circulating B cells. Pranzatelli et al. found that the CD19+ B cell recruitment in the CSF of the OMS patients was correlated with their neurological severity (35). Besides, some autoantibodies were found in OMS patients, such as anti-Hu autoantibody, anti-Ru and so on and B-cell activating factor BAFF increased in the CSF in childhood OMS (34). This evidence suggested the B-cell has participated in the autoimmune pathophysiology of OMS. Furthermore, RTX effectively reduced relapse in our study and suggested this relapse might be B-cell associated. The first successful treatment of pediatric OMS patients using RTX was done by Pranzatelli et al. in 2005 (36). Subsequently, other studies also confirm the beneficial effect of RTX in OMS patients, even in otherwise treatment refractory patients or in relapsed patients (8, 9, 34). Consistently, we found RTX was effective in preventing relapse in OMS patients.

Though neurological symptoms in patients with OMS show at least some improvement under current treatment, neuropsychological disturbances became a more considerable part of the clinical course at long-term follow-up. Over 70% of OMS patients have neurological sequelae, especially intellectual disability and language developmental delay (2, 4, 5, 9–13, 34, 37) (More details seen in Supplementary Material). Similarly, in our study, eight patients (88.9%) had delayed speech development, and three patients (33.3%) had behavioral disorders characterized by irritability, hyperactivity and restlessness in sleep. We found that the DQ of patients at the last follow-up was 77.6 ± 9.8. And three OMS patients in En Lin et al.'s study had evolving cognitive dysfunction despite being in remission and been followed up for a long time (ranged from 5 to 10 years) (38). In our study, we found the DQ of patients at the last follow-up was not correlated with the age at onset, the OMS severity score onset or last follow-up, the number of relapses, the duration of follow-up. In addition, there was no statistical difference in the DQ at the last follow-up between patients with tumor or not, as well as patients receiving RTX treatment or not. A recent study conducted by Sheridan et al. showed that the number of relapses negatively correlates with full-scale IQ in pediatric OMS (6). We failed to found the correlation between the relapse and DQ in our patients might be caused by the small number of patients in our study. More active immunoregulatory strategies to reduce OMS relapses may improve the prognosis. In Michell et al.'s study from Children's Hospital Los Angeles, RTX treatment was initiated after one or more relapses for OMS patients. More recently, it became a part of initial therapy. Their study found that using such a more aggressive immunosuppression treatment improved adaptive behavior, cognitive and motor scores. Although this study did not meet the standards of a randomized clinical trial, it suggested that more aggressive treatment with RTX might be a possible way to achieve the aim that is not only the improvement of neurological symptoms but also the improvement of neuropsychological disturbances. Further study with a large-scale clinical trial is needed to investigate whether a more aggressive immunosuppression treatment can improve neuropsychological disturbances.

Our study has several limitations. The first limitation is that we were unable to test the lymphocyte subset in the CSF. Neurological severity of OMS was positively related to the percentage of CD19+ B lymphocytes in CSF and was negatively related to CD4+ T lymphocytes in CSF (35, 39). The second limitation is that our study is a retrospective study, and we did not test the oligoclonal bands in CSF which was also a marker of disease activity (40).




CONCLUSIONS

For pediatric OMS, human rhinovirus infection and respiratory syncytial virus infection can be seen before onset. Rituximab is effective in reducing relapse. Improving recognition and long-term prognosis in OMS is urgent.
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