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Purpose of review

The aim of this article is to review opsoclonus, with
particular emphasis on its immunopathogenesis and
pathophysiology.

Recent findings

Infections (West Nile virus, Lyme disease), neoplasms
(non-Hodgkin's lymphoma, renal adenocarcinoma), celiac
disease, and allogeneic hematopoietic stem cell
transplantation can cause opsoclonus. Newly identified
autoantibodies include antineuroleukin, antigliadin,
antiendomysial, and anti-CV2. Evidence suggests that the
autoantigens of opsoclonus reside in postsynaptic density,
or on the cell surface of neurons or neuroblastoma cells
(where they exert antiproliferative and proapoptotic effects).
Most patients, however, are seronegative for
autoantibodies. Cell-mediated immunity may also play a
role, with B and T-cell recruitment in the cerebrospinal fluid
linked to neurological signs. Rituximab, an anti-CD20
monoclonal antibody, seems efficacious as an adjunctive
therapy. Although changes in synaptic weighting of
saccadic burst neuron circuits in the brainstem have been
implicated, disinhibition of the fastigial nucleus in the
cerebellum, or damage to afferent projections to the fastigial
nucleus, is a more plausible pathophysiologic mechanism
which is supported by functional magnetic resonance
imaging findings in patients.

Summary

There is increasing recognition that both humoral and cell
mediated immune mechanisms are involved in the
pathogenesis of opsoclonus. Further studies are needed to
further elucidate its immunopathogenesis and
pathophysiology in order to develop novel and efficacious
therapy.
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Introduction

Opsoclonus is a dyskinesia consisting of involuntary,
arrhythmic, chaotic, multidirectional saccades, without
intersaccadic intervals [1-3]. The etiology of opsoclonus
is varied, and includes paraneoplastic, parainfectious,
toxic—metabolic, or idiopathic causes. Humoral and
cell mediated immune mechanisms have both been
implicated. Although a number of autoantibodies have
been detected, the majority of patients with opsoclonus
are seronegative for all known antineuronal antibodies.
Investigations are directed toward detecting any under-
lying tumors, and excluding other causes. This review
summarizes the clinical features, etiology, investiga-
tion, treatment, as well as the course and prognosis
of opsoclonus, with particular focus on recent advances
in our understanding of its immunopathogenesis and
pathophysiology.

Clinical features

Opsoclonus consists of involuntary, arrhythmic, chaotic,
multidirectional saccades, with horizontal, vertical, and
torsional components [1-3]. It is present during fixation,
smooth pursuit, convergence, and persists during sleep or
eyelid closure. Because of its large amplitude and high
frequency (10-15Hz), it frequently causes visual blur
and oscillopsia (an illusion of movement of the seen
world). Opsoclonus differs from nystagmus in that the
phase that takes the eye off the target is always a saccade,
not a slow eye movement. In contrast to ocular flutter,
which consists of back-to-back saccades that are confined
to the horizontal plane, opsoclonus is multidirectional
[1-4]. Opsoclonus is often accompanied by myoclonic
jerks of the limbs and trunk, hence the term ‘opsoclonus—
myoclonus’ or ‘dancing eye and dancing feet syndrome’.
Cerebellar ataxia, postural tremor, encephalopathy, and
behavioral disturbances are also frequently associated.

Etiology

Opsoclonus can occur in many clinical settings (Table 1
[5-59]), including paraneoplastic syndromes, parainfec-
tious brainstem encephalitis, and toxic—metabolic states.
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Table 1 Etiology of opsoclonus and ocular flutter

References
Paraneoplastic effect of neuroblastoma and [5,6]
other neural crest tumors (in children)
Paraneoplastic effect of other tumors (in adults) [7-15]
Parainfectious encephalitis [1,16-27,28°°29]
Multiple sclerosis [4,30-32]
Meningitis [33]
Intracranial tumors [34]
Hydrocephalus [35]
Thalamic hemorrhage [36]
In association with systemic disease
AIDS [37,38,39°°]
Celiac disease [40°°]
Viral hepatitis [41]
Sarcoid [42]
Following allogeneic hematopoietic [43]
stem cell transplantation
Hyperosmolar coma [44,45]
Toxins
Chlordecone [46]
Organophosphates [47]
Strychnine [48]
Thallium [49]
Toluene [50]
Side effects of drugs
Amitriptyline [51]
Cocaine [52]
Lithium [53,54]
Phenytoin with diazepam [55]
Phenelzine with imipramine [56]
As a complication of pregnancy [567]
As a transient phenomenon of normal infants [58,59]

Not all case reports have eye movement recordings.

In many cases, however, no obvious cause is found
(i.e. idiopathic opsoclonus). In paraneoplastic opsoclonus,
small cell lung, breast, and ovarian cancer are most
commonly encountered in adults [1,60], whereas more
than half of cases are associated with neuroblastoma in
children. Diseases that have recently been reported to
cause opsoclonus include infections such as West Nile
virus [29], streptococcal infection [28°°], varicella-zoster
infection [25], and Lyme disease [27]; neoplasms such as
non-Hodgkin’s lymphoma [13], malignant melanoma
[14], and renal adenocarcinoma [15]; and celiac disease
[40°°]. A case of opsoclonus following allogeneic hema-
topoietic stem cell transplantation has also been reported
[43].

Immunopathogenesis

Humoral and cell mediated immune mechanisms have
both been implicated in parancoplastic and idiopathic
opsoclonus [61]. In support of a humoral immune mech-
anism, paraneoplastic opsoclonus has been associated
with a number of autoantibodies. They include anti-
Ri (ANNA-2) [62], anti-Yo (PCA-1) [63], anti-Hu
(ANNA-1) [64], anti-Mal [65], anti-Ma2 [3], anti-
amphiphysin [66,67], anti-CRMP-5/anti-CV2 [40°°,68],
anti-Zic2 [69], and antineurofilaments [70]. New auto-
antibodies identified in two recent case reports include
antineuroleukin antibodies in two girls with poststrep-
tococcal opsoclonus—myoclonus syndrome [28°°], as well

as antigliadin antibodies of immunoglobulin A subtype,
antiendomysial antibodies, and anti-CV2 antibodies in a
child with celiac disease [40°°].

Because of the frequent reversibility of symptoms,
especially after immunotherapy, and the paucity of find-
ings on pathological examination, it has been suggested
that the putative autoantigens reside on the cell surface or
in the synapse, and that the antibodies cause transient
neuronal dysfunction rather than permanent neuronal
degeneration [67]. Recently, Blaes ¢z a/. [71°°] detected
autoantibodies binding to cell surface of cerebellar gran-
ular neurons. In another study, Bataller ¢z 4/. [69] probed a
brainstem cDNA library to isolate target neuronal anti-
gens by using sera of 21 patients with idiopathic or
parancoplastic opsoclonus. They [69] found two groups
of autoantigens: (1) proteins of the postsynaptic density
(PSD), a complex of proteins associated with the gluta-
mate N-methyl-pD-aspartate  (NMDA) receptor that
includes membrane proteins (such as receptors, ion chan-
nels, and adhesion molecules) attached to a network of
intracellular scaffold, signaling and cytoskeletal proteins;
and (2) proteins with expression or function restricted to
neurons, including RNA or DNA-binding proteins and
zinc-finger proteins.

Despite progress in identifying autoantibodies, the
majority of patients with opsoclonus are seronegative for
all known antineuronal antibodies. In addition, there are
no definitive links between various autoantibodies and
neurological abnormalities [72]. These observations
suggest that a cell mediated immune mechanism may play
a role in the pathogenesis of opsoclonus. Three recent
studies lend further support to a cell mediated immune
mechanism. (1) Pranzatelli ez /. [73] found that although
most children with opsoclonus have normal cell counts in
the cerebrospinal fluid (CSF), they have expansion of
CD19+ B-cell (up to 29%) and vyA T'-cell (up to 26%)
subsets with a reduced proportion of CD4+ T'-cells and
reduced CD4/CDS8 ratio. These abnormalities persist for
years after disease onset despite treatment, and they corre-
late with neurologic severity as well as disease duration.
(2) Opsoclonus responds to treatment with rituximab, an
anti-CD20 monoclonal antibody, with clinical improve-
ment correlating with B-cell reduction in the CSF
[74°,75%°]. (3) van Toorn ez al. [39°°] reported an HIV-
infected child who developed opsoclonus—myoclonus
shortly after commencement of highly active antiretroviral
therapy, and postulated that T-cell recovery and recruit-
ment following rapid immune reconstitution may have
resulted in immune reconstitution-induced opsoclonus—
myoclonus.

Interestingly, the prognosis for survival of neuroblastoma
patients with opsoclonus is better than for those without
opsoclonus [76]. In addition, neuroblastoma has a high



incidence of spontancous regression. These observations,
together with the suspected autoimmune pathogenesis,
suggest that opsoclonus may represent an effective anti-
tumor immunity that protects against tumor growth and
dissemination. Recently, Korfei ¢z 2/. [77°°] demonstrated
that IgG autoantibodies from neuroblastoma patients
with opsoclonus, but not those from neuroblastoma
patients without opsoclonus, bind to surface autoantigens
on neuroblastoma cells, and that these autoantibodies
inhibit cell proliferation and induce apoptosis in neuro-
blastoma cells.

Pathophysiology

The pathophysiology of opsoclonus is uncertain. Burst
neurons in the paramedian pontine reticular formation
(PPRF) and rostral interstitial nucleus of Cajal (riMLF)
are responsible for generating the immediate premotor
command for saccades. Omnipause cells in the pontine
nucleus raphe interpositus (rip) normally inhibit these
burst neurons, preventing unwanted saccades. Thus,
damage to omnipause cells might cause opsoclonus
[78]. Lesions of omnipause cells, however, cause slowing
of saccades, not saccadic oscillations [79,80]. In addition,
on autopsy, no histopathologic changes in omnipause
cells were found in most patients with opsoclonus
[3,81].

Cerebellar dysfunction has also been invoked in the
pathogenesis of opsoclonus in view of damage to Purkinje
cells, granular cells and the dentate nuclei in patients
with opsoclonus [82—84]. These cerebellar changes also
occur, however, in patients with paraneoplastic cerebellar
degeneration who do not have opsoclonus. Moreover,
partial ablations of the cerebellar cortex [85] or cere-
bellectomy including the deep nuclei [85,86] have not
been observed to cause opsoclonus in monkeys. Inacti-
vation of the caudal fastigial nucleus of the cerebellum
produces saccadic overshoot dysmetria with intervals
between sequential saccades, not opsoclonus [87,88].

Currently, two hypothetical models seem plausible. One
hypothesis [89°°] suggests that saccadic oscillations arise
because of the synaptic organization of burst neurons in
the brainstem, in which positive feedback loops and
postinhibitory rebound properties of burst neurons pre-
dispose to saccadic oscillations. Changes in the synaptic
weighting of saccadic burst neuron circuits in the brain-
stem due to disease may produce oscillations (such as
microflutter) whenever the omnipause cells are inhibited
[89°°,90]. The amplitude of the saccadic oscillations
generated by this model, however, is much smaller
(10-20 times) than the large amplitude oscillations that
are typically seen in opsoclonus. In addition, the bio-
physical mechanism underlying the purported change in
synaptic organization of burst neurons is unclear, and
clinical correlation is lacking.
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Another more plausible hypothesis [3] proposes that
disinhibition (not inactivation) of the fastigial nucleus
in the cerebellum causes opsoclonus. Malfunction of
Purkinje cells in the dorsal vermis or their inhibitory
projections to the fastigial nucleus may cause opsoclonus
by disinhibiting the fastigial nucleus [3]. Four lines of
evidence support this hypothesis. (1) Histopathological
examination of a patient with opsoclonus revealed
damage to afferent projections to the fastigial nucleus
[3]. (2) Long-term potentiation of slow inhibitory post-
synaptic current, but not excitatory postsynaptic current,
is abolished in mice lacking Nova-2, a neuronal-specific
RNA binding protein that is an autoimmune target in
patients with paraneoplastic opsoclonus [91°°]. Nova-2
normally contributes to inhibitory synaptic transmission
or synaptic plasticity, or both. Defective Nova-2 may be
responsible for reduced inhibitory control (i.e. disinhibi-
tion) of movements seen in opsoclonus—myoclonus syn-
drome. (3) In two patients with opsoclonus, single photon
emission computed tomography identified the area of
dysfunction to the cerebellar vermis, where Purkinje cells
normally exert inhibitory control over the fastigial
nucleus [39°°,92]. (4) Perhaps the most convincing evi-
dence comes from a functional magnetic resonance ima-
ging (MRI) study that demonstrated bilateral activation
(i.e. disinhibition) of the fastigial nucleus in two patients
with opsoclonus. Furthermore, this pattern of cerebellar
activation is not observed in healthy controls during high-
frequency saccades [93].

Investigation

A thorough diagnostic evaluation for the presence of tumor
is necessary for all patients with opsoclonus, after exclusion
of central nervous system pathology and lumbar puncture.
In most cases, brain MRI is normal, and CSF analysis may
show mild pleocytosis and protein elevation. At the pre-
sent time, commercial tests for antibodies are of limited
diagnostic value because most patients with opsoclonus
are seronegative for autoantibodies.

In children, a search for occult neuroblastoma is essential.
Investigations should include imaging of chest and
abdomen (computed tomography scan or MRI), urine
catecholamine measurements, including vanillyl mande-
lic acid and homovanillic acid, as well as '**I-metaiodo-
benzylguanidine scan [94]. When negative, the evalu-
ation should be repeated after several months [95].

In adults, initial investigations for paraneoplastic opso-
clonus should be directed at tumors associated with this
condition. They include high resolution computed tomo-
graphy of the chest and abdomen, as well as gynecolo-
gical examination and mammography in women [67].
When negative, whole body "®F-fluoro-2-deoxyglucose-
positron emission tomography scan should be considered
[96,97].
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Treatment

Treatment of the underlying process such as tumor or
encephalitis is the mainstay of management for opsoclo-
nus [67]. To date, however, no data are available from
prospective controlled trials with regard to treatment
strategies and their correlation with long-term outcome
in patients with opsoclonus.

In children, corticosteroids, intravenous immunoglobulin
(IVIG), and adrenocorticotropic hormone (ACTH) are
the most common immunomodulatory agents used for
parancoplastic opsoclonus. In many centers, children are
treated with prednisone (2 mg/kg/day) and monthly IVIG
(2 g/kg at induction, followed by a monthly maintenance
dose of 1g/kg [75°°,98]). If symptoms improve, pre-
dnisone is slowly tapered starting at 2—3 months over a
9-12-month period. If relapse or exacerbation occurs
(not due to recurrence of neuroblastoma), the dosage of
prednisone, and sometimes [VIG, are increased. For symp-
toms that remain difficult to control despite the above
therapy, a low dose cyclophosphamide (1-5mg/kg) is
often added. Currently, the Children’s Oncology Group
at the National Cancer Institute (NCI) of the USA is
conducting a randomized, multicenter clinical trial to
determine whether cyclophosphamide and prednisone
with or without IVIG is a reasonable baseline standard
therapy for pediatric patients with neuroblastoma-
associated opsoclonus—myoclonus—ataxia syndrome.

ACTH is also used in many centers for pediatric opso-
clonus—myoclonus syndrome [75%°]. A 40-week protocol
has been used: H.P. Acthar Gel (80 IU/cm?®; Questcor,
Union City, California, USA) is injected intramuscularly
at an initiation dose of 75 IU/m? twice a day for one week,
daily for one week, every other day for 2 weeks, then
gradually dropping to 40 IU/m? over 2 months, when the
rate of taper decelerates to 5 IU/m? every month until a
final dose of 5 IU/m? is reached [75°°]. If relapse occurs,
the tapering is halted, and the previous dose that controls
the symptoms is resumed. Recently, Pranzatelli e a/.
[99°°] demonstrated that daily high-dose ACTH treat-
ment dramatically raises the concentration of cortisol in
CSF, but alternate day and low-dose ACTH do not. They
[99°°] suggested that elevated level of cortisol in the brain
may make ACTH more efficacious than oral corticoster-
oids in inducing a neurologic remission. Because ACTH,
like corticosteroids, exerts many neurotropic [100] and
immunologic effects [61], however, the relative contri-
bution of elevated level of cortisol in the brain cortisol
remains uncertain. Prospective dose—response and time
course studies are needed to further clarify the thera-
peutic effects of ACTH.

Plasmapheresis may be useful in refractory cases that do
not respond to ACTH or corticosteroids. In a patient with
ganglioneuroblastoma and delayed, recurrent opsoclonus

9 years after completing treatment, combination therapy
with plasmapheresis and corticosteroids results in symp-
tom resolution for 3 years [101]. Rituximab (375 mg/m2 of
body surface area intravenously once weekly for four
consecutive weeks), an anti-CD20 monoclonal antibody,
has also recently been shown to be efficacious and safe as
adjunctive therapy [74°,75°%,102,103].

In adult-onset idiopathic opsoclonus—myoclonus, cortico-
steroids or IVIG seem to accelerate recovery [67]. In
contrast to pediatric neuroblastoma-associated opsoclonus,
no clear advantage of immune therapy has been demon-
strated in adults with paraneoplastic opsoclonus [67].
Improvement following the administration of cortico-
steroids, cyclophosphamide, azathioprine, IVIG, plasma
exchange, or plasma filtration with a protein A column has
been described in single cases [104—108].

Symptomatic therapy of nystagmus and oscillopsia
includes the use of propranolol (40—80 mg orally three
times daily), nitrazepam (15-30 mg orally daily), baclo-
fen, clonazepam (0.5-2.0 mg orally three times daily),
and thiamine (200 mg intravenously) [109-111]. Myoclo-
nus can be treated with antiepileptic drugs.

Course and prognosis

In children, the course of opsoclonus—myoclonus is
characterized by multiple relapses, which require pro-
longed treatment, and significant developmental seque-
lae [112°°]. Only a minority of children has a monophasic
course and a more benign prognosis [112°°]. In children
with neuroblastoma and opsoclonus, the opsoclonus
usually resolves eventually with or without treatment.
Residual opsoclonus may reappear after apparent com-
plete resolution when medication is reduced, or during
intercurrent illnesses [113]. Developmental sequelae
are common, and include motor, speech, and language
deficits. Psychiatric symptoms, such as aggressive and
disruptive behavior, impulsivity, affective dysregulation,
irritability, cognitive impairment, poor attention, and
sleep disturbances may persist [114°]. Immunosuppressive
agents may improve behavioral symptoms and motor
functions; but psychotropic medications may be necessary
in selected children who have severe behavioral or sleep
disturbances [113]. Trazodone (3.0 £ 0.4 mg/kg/day), a
soporific serotonergic agent, was recently reported to be
effective in improving sleep and decreasing rage attacks,
and it is well tolerated, even in toddlers [115°].

In adults, the clinical course of idiopathic opsoclonus
is monophasic with good recovery in the majority of
patients; in older patients, however, relapses of opsoclo-
nus may occur and residual gait ataxia tends to persist.
Immunotherapy (corticosteroids or IVIG) seems to ac-
celerate recovery. In contrast, parancoplastic opsoclonus
has a more severe course, despite treatment with



corticosteroids or IVIG, and mortality rate is high in
patients whose tumors are not treated. Most patients
who undergo treatment for the underlying tumors have
complete or partial neurological recovery [67].

Conclusion

The exact immunopathogenesis of opsoclonus is uncer-
tain. There is increasing recognition, however, that both
humoral and cell mediated immune mechanisms are
involved. Although changes in the synaptic weighting
of saccadic burst neuron circuits in the brainstem may
produce saccadic oscillations, clinical correlation is lack-
ing. Further experiments, such as selective blockades
of individual channels or intracellular recordings, are
needed to investigate the biophysical characteristics of
burst neurons and the purported change in synaptic
organization. At the present time, disinhibition of the
fastigial nucleus in the cerebellum, or damage to afferent
projections to the fastigial nucleus, is a more plausible
pathophysiologic mechanism which is supported by a
degree of evidence, including functional MRI findings
in affected patients. Because previously normal individ-
uals are rapidly disabled neurologically by opsoclonus—
myoclonus syndrome, and because available treatments
are often less than satisfactory, a better understanding
of the immunopathogenesis and pathophysiology of
opsoclonus is essential to develop and identify novel
treatment modalities.

Acknowledgements

This work was supported by Grants MOP 152588 and MOP 67104, as
well as a New Investigator Award from the Canadian Institutes of
Health Research.

References and recommended reading

Papers of particular interest, published within the annual period of review, have
been highlighted as:

e  of special interest

ee Of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 84).

1 Digre KB. Opsoclonus in adults: report of three cases and review of the
literature. Arch Neurol 1986; 43:1165-1175.

2 Sharpe JA, Fletcher WA. Saccadic intrusions and oscillations. Can J Neurol
Sci 1984; 11:426-433.

3 Wong AM, Musallam S, Tomlinson RD, et al. Opsoclonus in three dimen-
sions: oculographic, neuropathologic and modelling correlates. J Neurol Sci
2001; 189:71-81.

4 Gresty MA, Findley LJ, Wade P. Mechanism of rotatory eye movements in
opsoclonus. Br J Ophthalmol 1980; 64:923-925.

5 Mitchell WG, Snodgrass SR. Opsoclonus-ataxia due to childhood neural
crest tumors: a chronic neurologic syndrome. J Child Neurol 1990; 5:153 -
158.

6  Pranzatelli MR. The neurobiology of the opsoclonus-myoclonus syndrome.
Clin Neuropharmacol 1992; 15:186-228.

7  Posner JB. Neurological complications of cancer. Philadelphia: FA Davis;
1995.

8  Aggarwal A, Williams D. Opsoclonus as a paraneoplastic manifestation of
pancreatic carcinoma. J Neurol Neurosurg Psychiatry 1997; 63:687—
688.

9 Posner JB, Dalmau JO. Paraneoplastic syndromes affecting the central
nervous system. Annu Rev Med 1997; 48:157-166.

An update on opsoclonus Wong 29

10 Koukoulis A, Cimas I, Gomara S. Paraneoplastic opsoclonus associated with
papillary renal cell carcinoma. J Neurol Neurosurg Psychiatry 1998; 64:137 —
138.

11 Berger JR, Mehari E. Paraneoplastic opsoclonus-myoclonus secondary to
malignant melanoma. J Neurooncol 1999; 41:43-45.

12 Zamecnik J, Cerny R, Bartos A. Paraneoplastic opsoclonus-myoclonus
syndrome associated with malignant fibrous histiocytoma: neuropathological
findings. Ceskoslovenska Patologie 2004; 40:63-67.

13 Kumar A, Lajara-Nanson WA, Neilson RW. Paraneoplastic opsoclonus-
myoclonus syndrome: initial presentation of non-Hodgkins lymphoma.
J Neurooncol 2005; 73:43-45.

14 Jung KY, Youn J, Chung CS. Opsoclonus-myoclonus syndrome in an adult
with malignant melanoma. J Neurol 2006; 253:942-943.

15 Gimeno Campos MJ, Sanchis Minguez C, Diez de Diego P, Sanchez
Villasante J. Opsoclonus-myoclonus: paraneoplastic syndrome associ-
ated with renal adenocarcinoma. Rev Esp Anestesiol Reanim 2006;
53:54-55.

16 Kuban KC, Ephros MA, Freeman RL, et al. Syndrome of opsoclonus-
myoclonus caused by Coxsackie B3 infection. Ann Neurol 1983; 13:
69-71.

17 Hankey GJ, Sadka M. Ocular flutter, postural body tremulousness and CSF
pleocytosis: a rare postinfectious syndrome. J Neurol Neurosurg Psychiatry
1987; 50:1235-1236.

18 Hattori T, Hirayama K, Imai T, et al. Pontine lesions in opsoclonus-myoclonus
syndrome shown by MRI. J Neurol Neurosurg Psychiatry 1988; 51:1572—
1575.

19 Delreux V, Kevers L, Sindic CJM, Callewaert A. Opsoclonus secondary to
Epstein—Barr virus infection. Neuro-ophthalmology 1988; 8:179-189.

20 Kobayashi K, Mizukoshi C, Aoki T, et al. Borrelia burgdorferi-seropositive
chronic encephalomyelopathy: Lyme neuroborreliosis? An autopsied report.
Dement Geriatr Cogn Disord 1997; 8:384-390.

21 Wiest G, Safoschnik G, Schnaberth G, Mueller C. Ocular flutter and truncal
ataxia may be associated with enterovirus infection. J Neurol 1997; 244:
288-292.

22 Vukelic D, Bozinovic D, Morovic M, et al. Opsoclonus-myoclonus syndrome in
a child with neuroborreliosis. J Infect 2000; 40:189-191.

23 Lapenna F, Lochi L, de Mari M, et al. Postvaccinic opsoclonus-myoclonus
syndrome: a case report. Parkinsonism Relat Disord 2000; 6:241-242.

24 Bhidayasiri R, Somers JT, Kim JI, et al. Ocular oscillations induced by shifts of
the direction and depth of visual fixation. Ann Neurol 2001; 49:24-28.

25 Medrano V, Royo-Villanova C, Flores-Ruiz JJ, et al. Parainfectious opsoclonus-
myoclonus syndrome secondary to varicella-zoster virus infection. Rev Neurol
2005; 41:507-508.

26 Cardesa-Salzmann TM, Mora J, Garcia Cazorla MA, et al. Epstein-Barr virus
related opsoclonus-myoclonus-ataxia does not rule out the presence of
occult neuroblastic tumors. Pediatr Blood Cancer 2005; 47:964-967.

27 Peterl, Jung J, Tilikete C, et al. Opsoclonus-myoclonus as a manifestation of
Lyme disease. J Neurol Neurosurg Psychiatry 2006; 77:1090—-1091.

28 Candler PM, Dale RC, Griffin S, et al. Poststreptococcal opsoclonus-

ee myoclonus syndrome associated with antineuroleukin antibodies. J Neurol
Neurosurg Psychiatry 2006; 77:507-512.

This is the first report of neuroleukin as an antigen in two patients with post-

streptococcal opsoclonus. The potential role of antineuroleukin antibodies in the

pathogenesis of opsoclonus was discussed.

29 Alshekhlee A, Sultan B, Chandar K. Opsoclonus persisting during sleep in
West Nile encephalitis. Arch Neurol 2006; 63:1324—-1326.

30 Francis DA, Heron JR. Ocular flutter in suspected multiple sclerosis:
a presenting paroxysmal manifestation. Postgrad Med J 1985; 61:333-334.

31 Schon F, Hodgson TL, Mort D, Kennard C. Ocular flutter associated with a
localized lesion in the paramedian pontine reticular formation. Ann Neurol
2001; 50:413-416.

32 de Seze J, Vukusic S, Viallet-Marcel M, et al. Unusual ocular motor findings in
multiple sclerosis. J Neurol Sci 2006; 243:91-95.

33 Rivner MH, Jay WM, Green JB, Dyken PR. Opsoclonus in Hemophilus
influenzae meningitis. Neurology 1982; 32:661-663.

34 Keane JR, Devereaux MW. Opsoclonus associated with an intracranial
tumor. Arch Ophthalmol 1974; 92:443-445.

35 Shetty T, Rosman NP. Opsoclonus in hydrocephalus. Arch Ophthalmol
1972; 88:585-589.

36 Keane JR. Transient opsoclonus with thalamic hemorrhage. Arch Neurol
1980; 37:423-424.



30 Neuro-ophthalmology and neuro-otology

37 Jabs DA, Green WR, Fox R, et al. Ocular manifestations of acquired immune
deficiency syndrome. Ophthalmology 1989; 96:1092-1099.

38 Kaminski HJ, Zee DS, Leigh RJ, Mendez MF. Ocular flutter and ataxia
associated with AIDS-related complex. Neuro-ophthalmology 1991;
11:163-167.

39 van Toorn R, Rabie H, Warwick JM. Opsoclonus-myoclonus in an HIV-
ee infected child on antiretroviral therapy—possible immune reconstitution in-
flammatory syndrome. Eur J Paediatr Neurol 2005; 9:423-426.
The authors postulated that T-cell recovery and recruitment following rapid immune
reconstitution may have resulted in immune reconstitution-induced opsoclonus—
myoclonus. In addition, they provided single photon emission computed tomo-
graphy evidence that opsoclonus is associated with dysfunction of the cerebellar
vermis.

40 Deconinck N, Scaillon M, Segers V, et al. Opsoclonus-myoclonus associated
ee with celiac disease. Pediatr Neurol 2006; 34:312-314.

This is the first report of antigliadin, antiendomysial, and anti-CV2 antibodies
detected in the serum, but not in the cerebrospinal fluid, of a child with celiac
disease.

41 Rosa A, Masmoudi K, Barvieux D, et al. Opsoclonus with virus A hepatitis.
Neuro-ophthalmology 1988; 8:275-279.

42 Salonen R, Nikoskelainen E, Aantaa E, Marttila R. Ocular flutter associated
with sarcoidosis. Neuro-ophthalmology 1988; 8:77-79.

43 Bishton MJ, Das Gupta E, Byrne JL, Russell NH. Opsoclonus myoclonus
following allogeneic haematopoietic stem cell transplantation. Bone Marrow
Transplant 2005; 36:923.

44 Matsumura K, Sonoh M, Tamaoka A, Sakuta M. Syndrome of opsoclonus-
myoclonus in hyperosmolar nonketotic coma. Ann Neurol 1985; 18:623—
624.

45 Weissman B, Devereaux MW, Chandar K. Opsoclonus and hyperosmolar
stupor. Neurology 1989; 39:1401-1402.

46 Taylor JR, Selhorst JB, Houff SA, Martinez AJ. Chlordecone intoxication in
man. | Clinical observations. Neurology 1978; 28:626-630.

47 Pullicino P, Aquilina J. Opsoclonus in organophosphate poisoning. Arch
Neurol 1989; 46:704-705.

48 Blain PG, Nightingale S, Stoddart JC. Strychnine poisoning: abnormal eye
movements. J Toxicol Clin Toxicol 1982; 19:215-217.

49 Maccario M, Seelinger D, Snyder R. Thallotoxicosis with coma and abnormal
eye movements. Electroencephalog Clin Neurophysiol 1975; 38:98-99.

50 Lazar RB, Ho SU, Melen O, Daghestani AN. Multifocal central nervous
system damage caused by toluene abuse. Neurology 1983; 33:1337-—

1340.
51 Au WJ, Keltner JL. Opsoclonus with amitriptyline overdose. Ann Neurol
1979; 6:87.

52 Elkardoudi-Pijnenburg Y, Van Viiet AG. Opsoclonus, a rare complication of
cocaine misuse. J Neurol Neurosurg Psychiatry 1996; 60:592.

53 Cohen WJ, Cohen NH. Lithium carbonate, haloperidol, and irreversible brain
damage. JAMA 1974; 230:1283-1287.

54 Scharf D. Opsoclonus-myoclonus following the intranasal usage of cocaine.
J Neurol Neurosurg Psychiatry 1989; 52:1447-1448.

55 Dehaenel, Van Vleymen B. Opsoclonus induced by phenytoin and diazepam.
Ann Neurol 1987; 21:216.

56 Fisher CM. Ocular flutter. J Clin Neuroophthalmol 1990; 10:155-1586.

57 Koide R, Sakamoto M, Tanaka K, Hayashi H. Opsoclonus-myoclonus syn-
drome during pregnancy. J Neuroophthalmol 2004; 24:273.

58 Hoyt CS, Mousel DK, Weber AA. Transient supranuclear disturbances of
gaze in healthy neonates. Am J Ophthalmol 1980; 89:708-713.

59 Morad Y, Benyamini OG, Avni |. Benign opsoclonus in preterm infants.
Pediatr Neurol 2004; 31:275-278.

60 Leigh RJ, Zee DS. The neurology of eye movements. 4" ed. New York: Oxford
University Press; 2006

61 Pranzatelli MR. The immunopharmacology of the opsoclonus-myoclonus
syndrome. Clin Neuropharmacol 1996; 19:1-47.

62 Anderson NE, Budde-Steffen C, Rosenblum MK, et al. Opsoclonus,
myoclonus, ataxia, and encephalopathy in adults with cancer: a distinct
paraneoplastic syndrome. Medicine (Baltimore) 1988; 67:100-109.

63 Peterson K, Rosenblum MK, Kotanides H, Posner JB. Paraneoplastic
cerebellar degeneration. | A clinical analysis of 55 anti-Yo antibody-positive
patients. Neurology India 1992; 42:1931-1937.

64 Antunes NL, Khakoo Y, Matthay KK, et al. Antineuronal antibodies in patients
with neuroblastoma and paraneoplastic opsoclonus-myoclonus. J Pediatr
Hematol Oncol 2000; 22:315-320.

65 Rosenfeld MR, Eichen JG, Wade DF, et al. Molecular and clinical diversity in
paraneoplastic immunity to Ma proteins. Ann Neurol 2001; 50:339-348.

66 Saiz A, Dalmau J, Butler MH, et al. Antiamphiphysin | antibodies in patients
with paraneoplastic neurological disorders associated with small cell lung
carcinoma. J Neurol Neurosurg Psychiatry 1999; 66:214-217.

67 BatallerL, Graus F, Saiz A, Vilchez JJ. Clinical outcome in adult onset idiopathic
or paraneoplastic opsoclonus-myoclonus. Brain 2001; 124:437-443.

68 YuZ, KryzerTJ, Griesmann GE, et al. CRMP-5 neuronal autoantibody: marker
of lung cancer and thymoma-related autoimmunity. Ann Neurol 2001;
49:146-154.

69 Bataller L, Rosenfeld MR, Graus F, et al. Autoantigen diversity in the
opsoclonus-myoclonus syndrome. Ann Neurol 2003; 53:347-353.

70 Noetzel MJ, Cawley LP, James VL, et al. Antineurofilaments protein anti-
bodies in opsoclonus-myoclonus. J Neuroimmunol 1987; 15:137-145.

71 Blaes F, Fuhlhuber V, Korfei M, et al. Surface-binding autoantibodies to

ee cerebellar neurons in opsoclonus syndrome. Ann Neurol 2005; 58:313~-
317.

This report provides evidence that opsoclonus—myoclonus syndrome may be the

result of an autoimmune process against a neuronal surface protein.

72 Pranzatelli MR, Tate ED, Wheeler A, et al. Screening for autoantibodies in
children with opsoclonus-myoclonus ataxia. Pediatr Neurol 2002; 27:384 -
387.

73 Pranzatelli MR, Travelstead AL, Tate ED, et al. B- and T-cell markers in
opsoclonus-myoclonus syndrome. Neurology 2004; 62:1526-1532.

74 Pranzatelli MR, Tate ED, Travelstead AL, Longee D. Immunologic and clinical

. responses to rituximab in a child with opsoclonus-myoclonus syndrome.
Pediatrics 2005; 115:e115-e119.

This is the first report of rituximab as a promising adjunctive therapy for

opsoclonus—myoclonus syndrome.

75 Pranzatelli MR, Tate ED, Travelstead AL, et al. Rituximab (anti-CD20)

ee adjunctive therapy for opsoclonus-myoclonus syndrome. J Pediatr Hematol
Oncol 2006; 28:585-593.

This multicenter short-term proof of concept clinical trial showed rituximab to be

efficacious and safe as adjunctive therapy for opsoclonus—myoclonus syndrome.

In addition to paraneoplastic disorders, the results may also have broad applica-

tions for other neuroimmunologic disorders in which B-cells play a pathologic role.

76 Altman A, Baehner R. Favorable prognosis for survival in children with coin-
cident opsomyoclonus and neuroblastoma. Cancer 1976; 37:846—-852.

77 Korfei M, Fuhlhuber V, Schmidt-Woll T, et al. Functional characterisation

ee of autoantibodies from patients with pediatric opsoclonus-myoclonus-
syndrome. J Neuroimmunol 2005; 170:150-157.

This study indicated that IgG autoantibodies from opsoclonus patients bind to

surface autoantigens on neuroblastoma cells, and that these autoantibodies exert

antiproliferative and proapoptotic effects on neuroblastoma cells.

78 Zee DS, Robinson DA. A hypothetical explanation of saccadic oscillations.
Ann Neurol 1979; 5:405-414.

79 Kaneko CRS. Effects of ibotenic acid lesions of the omnipause neurons on
saccadic eye movements in rhesus macaques. J Neurophysiol 1996;
75:2229-2242.

80 Bronstein AM, Rudge P, Gresty MA, et al. Abnormalities of horizontal gaze.
Clinical, oculographic and magnetic resonance imaging findings. Il. Gaze
palsy and internuclear ophthalmoplegia. J Neurol Neurosurg Psychiatry
1990; 53:200-207.

81 Ridley A, Kennard C, Scholtz CL, et al. Omnipause neurons in two cases of
opsoclonus associated with oat cell carcinoma of the lung. Brain 1987;
110:1699-1709.

82 Ross AT, Zeman W. Opsoclonus, occult carcinoma, and chemical pathology
in dentate nuclei. Arch Neurol 1967; 17:546-551.

83 Cogan DG. Opsoclonus, body tremulousness, and benign encephalitis. Arch
Ophthalmol 1968; 79:5645-551.

84 Ellenberger CJ, Campa JF, Netsky MG. Opsoclonus and parenchymatous
degeneration of the cerebellum: the cerebellar origin of an abnormal ocular
movement. Neurology 1968; 18:1041—1046.

85 Optican LM, Robinson DA. Cerebellar-dependent adaptive control of primate
saccadic system. J Neurophysiol 1980; 44:1058-1076.

86 Westheimer G, Blair SM. Functional organization of primate oculomotor
system revealed by cerebellectomy. Exp Brain Res 1974; 21:463-472.

87 Robinson FR, Straube A, Fuchs AF. Role of the caudal fastigial nucleus in
saccadic generation. Il Effects of muscimol inactivation. J Neurophysiol
1993; 70:1741-1758.

88 Ohtsuka K, Sato H, Noda H. Saccadic burst neurons in the fastigial nucleus
are not involved in compensating for orbital nonlinearities. J Neurophysiol
1994; 71:1976-1980.



89 Ramat S, Leigh RJ, Zee DS, Optican LM. Ocular oscillations generated by

ee  coupling of brainstem excitatory and inhibitory saccadic burst neurons. Exp
Brain Res 2005; 160:89-106.

This study proposed a new model for the generation of opsoclonus and suggested

that changes in synaptic weighting of saccadic burst neuron circuits in the

brainstem may cause saccadic oscillations.

90 Ramat S, Zee DS, Leigh RJ, Optican LM. Familial microsaccadic oscillations
may be due to alterations in the inhibitory premotor circuit. Soc Neurosci
Abstr 2005; 475:15.

91 Huang CS, Shi SH, Ule J, et al. Common molecular pathways mediate long-

ee term potentiation of synaptic excitation and slow synaptic inhibition. Cell
2005; 123:105-118.

This study suggested that defective Nova-2, which normally contributes to

inhibitory synaptic transmission or synaptic plasticity, may be responsible for

reduced inhibitory control of movements seen in opsoclonus—myoclonus

syndrome.

92 Oguro K, Kobayashi J, Aoiba H, Hojo H. Opsoclonus-myoclonus syndrome
with abnormal single photon emission computed tomography imaging.
Pediatr Neurol 1997; 16:334-336.

93 Helmchen C, Rambold H, Sprenger A, et al. Cerebellar activation in opso-
clonus: an fMRI study. Neurology 2003; 12:412-415.

94 Swart JF, de Kraker J, van der Lely N. Metaiodobenzylguanidine total-body
scintigraphy required for revealing occult neuroblastoma in opsoclonus-
myoclonus syndrome. Eur J Pediatr 2002; 161:255-258.

95 Hayward K, Jeremy RJ, Jenkins S, et al. Long-term neurobehavioral outcomes
in children with neuroblastoma and opsoclonus-myoclonus-ataxia syndrome:
relationship to MRI findings and antineuronal antibodies. J Pediatr 2001;
139:552-559.

96 Linke R, Schroeder M, Helmberger T, Voltz R. Antibody-positive paraneo-
plastic neurologic syndromes: value of CT and PET for tumor diagnosis.
Neurology 2004; 63:282-286.

97 Younes-Mhenni S, Janier MF, Cinotti L, et al. FDG-PET improves tumour
detection in patients with paraneoplastic neurological syndromes. Brain
2004; 127:2331-2338.

98 Mitchell WG, Davalos-Gonzalez Y, Brumm VL, et al. Opsoclonus-ataxia
caused by childhood neuroblastoma: developmental and neurologic seque-
lae. Pediatrics 2002; 109:86-98.

99 Pranzatelli MR, Chun KY, Moxness M, et al. Cerebrospinal fluid ACTH and

ee cortisol in opsoclonus-myoclonus: effect of therapy. Pediatr Neurol 2005;
33:121-126.

This describes a cross-sectional study of 69 children with opsoclonus-myoclo-

nus. It demonstrated that daily high-dose ACTH treatment dramatically raises the

concentration of cerebrospinal fluid cortisol, but alternate day and low-dose ACTH

do not.

100 Pranzatelli MR. On the molecular mechanism of adrenocorticotrophic
hormone: neurotransmitters and receptors. Exp Neurol 1994; 125:142-
161.

101 Armstrong MB, Robertson PL, Castle VP. Delayed, recurrent opsoclonus-
myoclonus syndrome responding to plasmapheresis. Pediatr Neurol 2005;
33:365-367.

An update on opsoclonus Wong 31

102 Burke MJ, Cohn SL. Rituximab for treatment of opsoclonus-myoclonus
syndrome in neuroblastoma. Pediatr Blood Cancer 2006; Aug 9 [Epub
ahead of print].

103 Bell J, Moran C, Blatt J. Response to rituximab in a child with neuroblastoma
and opsoclonus-myoclonus. Pediatr Blood Cancer 2006; May 1 [Epub
ahead of print].

104 Dropcho EJ, Kline LB, Riser J. Antineuronal (anti-Ri) antibodies in a patient
with steroid-responsive opsoclonus-myoclonus. Neurology 1993; 43:207 -
211.

105 Nitschke M, Hochberg F, Dropcho E. Improvement of paraneoplastic
opsoclonus-myoclonus after protein A column therapy. N Engl J Med
1995; 332:192.

106 Jongen JL, Moll WJ, Sillevis Smitt PA, et al. Anti-Ri positive opsoclonus-
myoclonus-ataxia in ovarian duct cancer. J Neurol 1998; 245:691-
692.

107 Wirtz PW, Smallegange TM, Wintzen AR, Verschuuren JJ. Differences in
clinical features between the Lambert-Eaton myasthenic syndrome with and
without cancer: an analysis of 227 published cases. Clin Neurol Neurosurg
2002; 104:359-363.

108 Cher LM, Hochberg FH, Teruya J, et al. Therapy for paraneoplastic neurologic
syndromes in six patients with protein A column immunoadsorption. Cancer
1995; 75:1678-1683.

109 Nausieda PA, Tanner CM, Weiner WJ. Opsoclonic cerebellopathy: a para-
neoplastic syndrome responsive to thiamine. Arch Neurol 1981; 38:780—
782.

110 Carlow TJ. Medical treatment of nystagmus and ocular motor disorders. Int
Ophthalmol Clin 1986; 26:251-264.

111 Straube A, Leigh RJ, Bronstein A, et al. EFNS task force: therapy of
nystagmus and oscillopsia. Eur J Neurol 2004; 11:83-89.

112 Mitchell WG, Brumm VL, Azen CG, et al. Longitudinal neurodevelopmental

ee  evaluation of children with opsoclonus—ataxia. Pediatrics 2005; 116:901—
907.

This longitudinal study evaluated the neurodevelopment of 18 children serially, and

raised concern that opsoclonus-ataxia is sometimes a progressive encephalo-

pathy.

113 Matthay KK, Blaes F, Hero B, et al. Opsoclonus myoclonus syndrome in
neuroblastoma: a report from a workshop on the dancing eyes syndrome at
the Advances in Neuroblastoma meeting in Genoa, Italy, 2004. Cancer Lett
2005; 228:275-282.

114 Turkel SB, Brumm VL, Mitchell WG, Tavare CJ. Mood and behavioral

e dysfunction with opsoclonus-myoclonus ataxia. J Neuropsychiatry Clin
Neurosci 2006; 18:239-241.

The authors identified a number of psychiatric symptoms associated with opso-

clonus—myoclonus ataxia.

115 Pranzatelli MR, Tate ED, Dukart WS, et al. Sleep disturbance and

. rage attacks in opsoclonus-myoclonus syndrome: response to trazodone.
J Pediatr 2005; 147:372-378.

This study showed that trazodone improves sleep and behaviors in 95% of treated

children with opsoclonus—myoclonus syndrome.



	An update on™opsoclonus
	Introduction
	Clinical features
	Etiology
	Immunopathogenesis
	Pathophysiology
	Investigation
	Treatment
	Course and prognosis
	Conclusion
	Acknowledgements
	References and recommended reading


