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Abstract

Background—Head-shaking stereotypies have been described in patients with neurological
impairment. We noted an unusual preponderance of head shaking in patients with
rhombencephalosynapsis (RES). We sought to delineate the movements further and determine
whether oculomotor and vestibular testing could reveal their cause.

Methods—Information was collected from direct observation, video review and parental
questionnaire from 59 patients with RES. Oculomotor and vestibular testing was performed in 4
children.

Results—50 of 59 patients had persistent head shaking that was often observed years before RES
was recognized. Three affected children demonstrated abnormal central vestibular processing.

Conclusions—Head-shaking is common in RES. These characteristic movements may provide
input to a defective vestibular system or may represent a motor pattern that is usually suppressed
by vestibular feedback. Persistent head shaking should alert clinicians to the possible presence of a
congenital hindbrain abnormality that affects the vestibulocerebellum, particularly RES.
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Introduction

Methods

Stereotyped head movements have been described in association with various neurological
conditions, as well as in normal children. The origin of these movements is unknown. We
noted an unusual preponderance of distinctive head-shaking movements in a cohort of
patients with rhombencephalosynapsis (RES), an under-diagnosed brain malformation
characterized by partial or complete absence of the cerebellar vermis with continuity of the
cerebellar hemispheres across the midline? (figure 1). We hypothesized that persistent head
shaking could provide an important diagnostic clue to the presence of RES. We also
reasoned that this group of patients might give insight into the pathobiology of head-shaking
stereotypies in general. We therefore sought to characterize these movements further and
determine whether behavioral observation in conjunction with oculomotor and vestibular
testing could provide clues to their origin.

Patient acquisition

Patients with RES had previously been ascertained from brain malformations registries
maintained by two of the authors (Doherty, Dobyns).

Assessment of stereotypies and related conditions

We collected information about head movements through direct observation, review of video
supplied by parents and referring clinicians, and parental survey. We also collected
information about age of onset, exacerbating and ameliorating factors, additional
stereotypies and tics, as well as clinical features suggestive of Attention Deficit
Hyperactivity Disorder (ADHD) and Obsessive Compulsive Disorder (OCD).

Degree of rhombencephalosynapsis

Degree of rhombencephalosynapsis was assessed by a pediatric neuroradiologist (Ishak), a
developmental pediatrician specializing in hindbrain malformations (Doherty), and a
pediatric neurologist (Tully). A severity score from 1-4 was assigned based on the structures
involved (1: anterior and posterior vermis and nodulus at least partially present, 2: absent
posterior vermis, 3: absent anterior and posterior vermis, 4: absent anterior and posterior
vermis and nodulus) as previously described?.

Statistical analysis

Statistical analysis was performed using GraphPad QuickCalcs online software
(www.graphpad.com/quickcalcs/).
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Oculomotor and vestibular testing

Results

Oculomotor and vestibular testing was performed in a dedicated laboratory by a vestibular
neurophysiologist (Phillips) and a pediatric ophthalmologist (Weiss). Oculomotor
performance was assessed with binocular video oculography (SMI 2D VOG) in the dark,
and in response to moving and stationary point targets as well as a moving full-field
optokinetic stimulus (0.10 cycles/degree, 100% contrast square wave grating.) Vestibular
testing was performed on a rotatory chair with eye movements recorded with monocular
video-oculography (Micromedical Technologies System 2000). Multiple tests were
performed in each child, including sinusoidal rotation (0.01-0.64Hz, 60 degrees/second
peak velocity), constant velocity step rotation (100 degrees/second velocity, 45 second
duration, 1000 degrees/second/second step), fixation suppression of sinusoidal VOR with a
point target and visual enhancement of sinusoidal VOR in the light (both 0.5Hz, 60 degrees/
second peak velocity). Gain, phase and symmetry of sinusoidal VOR in the dark, during
suppression, and during visual enhancement were calculated using Fourier transformation of
the recorded eye position and chair velocity data. Gain and time constants were calculated
for step velocity testing, the latter with an exponential fit to the per-rotary and post-rotary
nystagmus elicited by each step.

We obtained information about motor stereotypies and related symptoms in 59 patients with
RES who ranged in age from 6 months to 32 years (mean 7.8 years, SD 7.6 years). 34 were
male and 25 female. 50 patients (85%) had striking head-shaking movements characterized
by a rhythmic, repetitive figure-8 or occasionally side-to-side swinging motion that was
intermittent in some individuals and near-constant in others (Videos 1,2,3,4,5). The
movements occurred most frequently during times of fatigue, excitement, and reduced visual
attentiveness. The movements abated with visual fixation, tactile stimulation of the face and
during sleep.

Of the 34 patients whose parents could estimate time of onset, 22 (65%) developed head
shaking during their first year of life, 6 (18%) in their second year, and 6 (18%) at age 2
years or older. In 31 of 39 patients (79%), head shaking was observed before the underlying
cerebellar malformation was recognized, with a time to diagnosis that ranged from a few
months to 32 years. The mean RES severity score was 2.34 (SD = 1.0) for head-shakers and
2.25 (SD = 1.2) for non-head-shakers (p = 0.8, NS).

Additional stereotypies were noted in 28 of 36 patients (78%), including repetitive hand
movements such as clapping, rubbing or wrist rolling (n=13), arm flapping (n=9), teeth
grinding (n=4), body rocking (n=2) and head banging (n=2). Motor and phonic tics were
seen in 11 of 19 (58%). 29 of 36 children (81%) had confirmed or suspected ADHD, and 12
of 24 had (50%) had obsessive or compulsive tendencies. Additional stereotypies, tics,
ADHD and OCD behaviors were seen more often in head-shakers than non-head-shakers,
but the number of non-head-shakers was too small to allow statistical comparison.

Oculomotor and vestibular testing was performed in 4 RES patients, 3 with head shaking
and 1 without (Table 1). Oculomotor abnormalities were present in all 4 patients, including
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deficits in gaze-holding, smooth pursuit, saccades, and optokinetic nystagmus. Vestibular
function was abnormal in all the patients with head shaking, but was normal in the 1 patient
without head shaking.

Discussion

Persistent, stereotyped figure-8 and side-to-side head shaking is remarkably common in
patients with RES. Since this hindbrain malformation affects midline and paramidline
cerebellar structures, the dysfunction may occur at the level of the vestibulocerebellum.

Repetitive head movements have been described in children with visual or oculomotor
dysfunction. Head-rocking stereotypies are also seen in a minority of blind children, always
in the presence of other motor stereotypies?. In contrast to patients with visual and
oculomotor dysfunction, patients with RES have normal visual acuity and their head shaking
remits when they are visually engaged.

Up-and-down head-bobbing in conjunction with cystic lesions of the third ventricle is
referred to as bobble head doll syndrome (BHDS). The onset of these movements tends to be
later than in RES patients, and the syndrome often remits entirely after decompression of the
cystic lesion3. Repetitive head shaking movements such as those seen in our RES patients
have sometimes been classified as a form of BHDS*?, but these atypical presentations have
been described in association with midbrain or cerebellar disorders rather than third
ventricular lesions, suggesting that their underlying pathophysiology may be distinct.

In addition to a few reports that note head shaking in conjunction with RES®78, side-to-side
and figure-8 movements have been described in association with aqueductal stenosis’4°,
Dandy-Walker malformation®, Joubert Syndromel, occipital encephalocele with near-
absent cerebellum (Doherty, personal observation), and in 2 children with cerebellar lesions
presumably acquired early in development (Tully, personal observation)’. In contrast to
patients with RES, the majority of patients with these other disorders do not exhibit head
shaking. Those who do may have more profound vestibular processing defects. Furthermore,
Ishak et al demonstrated that 5 of 56 patients with aqueductal stenosis had unrecognized
RES?. This suggests that some children with head shaking associated with aqueductal
stenosis may also have had underlying RES.

Though persistent head shaking is commonly associated with neurological impairment, it
may also be observed transiently in normal infants!11213 and is a frequent topic of
discussion among concerned parents on the internet!41516_ Head shaking in developmentally
normal infants has been ascribed to ear infections and teething?4, but has also been
characterized as a form of vestibular self-stimulation716. Though RES is compatible with a
normal cognitive outcome, most patients have gross motor delay and strabismus, so would
not ordinarily be viewed as typically developing.

Persistent figure-8 or side-to-side head shaking is one of the most recognizable clinical
features of patients with RES. However, these individuals also exhibit other stereotypies,
tics, and ADHD and OCD behaviors, suggesting that they may be particularly predisposed
to developing repetitive movements in general. Stereotypies, tics, ADHD, and OCD have
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been associated with abnormalities in networks involving the frontal cortex and the basal
ganglial®19, and the influence of the cerebellum upon these networks is increasingly
apparent?0: 2122 The array of neurobehavioral symptoms observed in association with RES
may therefore be due to disrupted cerebellar modulation of cerebro-basal ganglia circuits.
Alternatively, these symptoms may reflect more forebrain involvement than suggested by
MRI.

We propose that head shaking in patients with RES is a response to a deficit in central
vestibular processing. All 4 RES patients who underwent testing displayed oculomotor
abnormalities, but the sole patient with normal vestibular function did not have persistent
head shaking. Since head shaking is not observed when patients are trying to obtain visual
information, its function is unlikely to be related to gaze stabilization. We hypothesize that
head shaking in patients with RES is a non-volitional means of gaining additional sensory
information. The figure-8 pattern activates all 3 semicircular canals as well as neck afferents
and may therefore increase the output of a defective vestibular system. Alternatively, the
movements may represent an underlying rhythmic motor pattern that is ordinarily
suppressed in the presence of appropriate vestibular feedback.

We conclude that persistent figure-8 and side-to-side head shaking is an important marker of
RES. This distinctive stereotypy, especially when accompanied by motor delay or
strabismus, should prompt a careful search for an underlying malformation affecting the
vestibulocerebellum.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. MRI Features of RES
A-C: RES. Midline sagittal T1-weighted image demonstrates hemispheric rather than

vermian lobulation pattern of the cerebellum (A). Axial T2-weighted image shows fusion of
cerebellar white matter across the midline and a keyhole-shaped 4t ventricle (B). Coronal
T2 demonstrates continuity of cerebellar folia across the midline without an intervening
vermis (C). D—-F: Normal brain.
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