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Abstract

Voluntary flutter (sometimes known as “voluntary nystagmus”) is a conjugate saccadic oscil-
lation of the eyes that occurs in some healthy individuals. It has no relation to pathological
nystagmus, which can manifest in infancy or become acquired later in life. This report presents
an unusual case of voluntary flutter that presented in a 20-year-old male with autism spec-
trum disorder during ocular examination via direct ophthalmoscopy. Refraction and ocular
motor balance were normal, and visual acuity was good in each eye (-0.10 logMAR). During
direct ophthalmoscopy, a fine intermittent tremor was initiated. The patient was referred for
further assessment, and eye movements were recorded at 1,000 Hz with an EyeLink 1000 eye
tracker. Upon request, the patient could manifest voluntary flutter again and sustain the eye
movements with effort during convergence. The voluntary flutter consisted of back-to-back
saccadic oscillations in a predominantly horizontal direction, with an average frequency of
13 Hz and an amplitude of ~8°, both reducing over time. We speculate that the discomfort
induced by the proximity of the clinician during direct ophthalmoscopy examination may have
triggered the eye oscillations. Although the oscillations typically manifest during convergence,
atypical forms of voluntary flutter can also occur during divergence. Voluntary flutter can be
a useful differential diagnosis in patients with a recently onset apparent “nystagmus,” and no
other neurological signs and symptoms.
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Introduction

Some healthy individuals can voluntary produce high-frequency eye movements, referred
to as “voluntary flutter” (also known variously as voluntary nystagmus, psychogenic flutter,
voluntary ocular fibrillation, voluntary ocular oscillation, psychological nystagmus, hysterical
nystagmus, and ocular shuddering) [1-4]. Although voluntary flutter is associated with oscillopsia
[1] and lid fluttering [1, 2], it has no relation to pathological nystagmus, which may develop in
infancy or may be acquired later in life. Many individuals are aware of their ability to produce
voluntary flutter and may do so as a “party trick” to amuse others [1-3]. A survey conducted by
Zahn [4] found that 8% of a University age population possessed this ability, and that of these indi-
viduals, 79% knew of relatives who could also induce it. A recent report indicates that some indi-
viduals may produce voluntary flutter involuntarily [5]. Although the presentation of voluntary
flutter is relatively rare, it is a repeated cause of referral, especially in older children [6].

Here, we present findings from a patient in whom voluntary flutter presented during
ocular examination via direct ophthalmoscopy. We hypothesize that these eye oscillations
wereinitiated by the discomfortinduced from the proximity ofthe clinician during fundoscopy,
which has not been noted before in the literature. Analysis of the eye movements revealed
the back-to-back horizontal saccadic oscillations typical of voluntary flutter. The patient was
eventually able to also elicit these eye movements on request, with convergence.

Case Report/Case Presentation

A 20-year-old male attended for aroutine sight test. He had a diagnosis of autism spectrum
disorder but was otherwise fit and healthy with no systemic disease or regular medications.
Refraction and ocular motor balance were unremarkable, and visual acuity was good (-0.10
logMAR in each eye). Pupil responses, vestibulo-ocular responses, and convergence were all
normal. During direct ophthalmoscopy, a fine intermittent tremor was noted in the eye under
examination. On questioning, the patient was unaware that his eyes were moving. The patient
was referred for nystagmus eye movement recordings comprising:
¢ Fixation on each of five fixation points across the horizontal midline spanning +20° (to

assess the presence of a null zone, indicating infantile nystagmus) for 10 s each.

e Fifteen seconds monocular fixation in the primary position with each eye (to check for
latent nystagmus).

¢ Fifteen seconds binocular convergence (to check for dampening or exacerbation of
infantile nystagmus).

e Seven minutes’ central fixation (to check for periodic alternating nystagmus).

Eye movements were recorded at 1,000 Hz with the head stabilized by a chinrest using
an EyeLink 1000 (SR Research, Ottawa, ON, Canada). A red fixation cross of diameter 2° was
presented in the primary position (straight ahead) at a distance of 1 m on a large (2,000 x
1,430 mm) screen. Room lights were extinguished prior to stimulus presentation. Nystagmus
was also assessed clinically by an optometrist using a pen torch.

Eye Movement Findings

Figure 1 shows the eye movement recording obtained during binocular fixation in the
primary position. Similar results were obtained under monocular viewing conditions.

As no nystagmus was detected using high-speed eye tracking, the patient was asked
whether he was aware of being able to voluntarily oscillate the eyes. Interestingly, although
the patient was unaware of his eye movements during the initial direct ophthalmoscopy exam-
ination, he was eventually able to voluntarily produce similar high-frequency eye movements
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Fig. 1. Eye trace under binocular view-
ing conditions showing stable fixation.
The upper trace shows horizontal eye
movements; vertical eye movements
are in the lower trace.
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Fig. 2. Eye movement trace showing
voluntary flutter in a 2-s time window.
The upper trace shows horizontal eye
movements; vertical eye movements
are in the lower trace.
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with convergence. These eye movements were primarily horizontal and after repeated efforts,
they could be maintained for approximately 4-5 s. These were the same eye movements that
were initially observed during ocular examination with direct ophthalmoscopy. Figure 2,
recorded from the left eye, shows voluntary flutter performed by the patient over a 2-s period.

The upper eye movement trace in Figure 2 shows back-to-back horizontal saccadic oscil-
lations with an average frequency of 13 Hz, reducing over time. Amplitude also reduces over
time, beginning at ~8° and reducing to ~3° during the “burst.”

Discussion/Conclusion
Voluntary flutter is a voluntarily induced, conjugate saccadic oscillation of the eyes.

Although voluntary flutter is typically manifest in a predominantly horizontal direction [1, 2, 5, 7],
Krohel and Griffin [8] reported a rare instance of vertical voluntary flutter in a patient with
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hypertropia and a fourth-nerve palsy. Some studies have also recorded oblique eye movements
(similar horizontal and vertical amplitude) in individuals exhibiting voluntary flutter [9, 10].
In the patient in this case, the voluntary flutter was primarily horizontal, with a small vertical
element as well. Voluntary flutter has been reported as having a low amplitude, around 2 and
5°[11], and a high maximum frequency varying from 22 to 30 Hz [2, 4]. Itis important to note
that the rhythmic eye movements of physiological (e.g., optokinetic nystagmus) and pathological
nystagmus (e.g., infantile nystagmus) are generally characterized by “drifts” away from fixation
(slow phases) and fast phases back toward it [12]. The eye movements of the patient in this
case did not exhibit a slow phase; rather, the oscillations consisted of back-to-back saccades,
which are indicative of voluntary flutter, not nystagmus.

The saccadic oscillations characteristic of voluntary flutter are often, but not always, trig-
gered by convergent eye movements [1, 4, 5, 9, 13]. The patient in this case confirms that
convergence can indeed aid the manifestation of voluntary flutter, although this contradicts
the primary observation of voluntary flutter during direct ophthalmoscopy, as the patienthad
been instructed to fixate a distance target during the examination. Given the strong links
between convergence and the manifestation of voluntary flutter, it is also possible that the
patient had been tensing and/or converging due to the proximity of the examiner, which in
turn might have triggered the voluntary flutter. However, the extent to which the initiation of
these eye movements is dependent on convergence is not entirely clear in this patient, as
voluntary flutter can also occur independently of convergence. Furthermore, the presence
of autism spectrum disorder may have exacerbated tension within the patient, due to reduced
“personal space” that has previously been reported in these individuals [14]. However, it
should be noted that this is only a speculation and previous reports have neither identified
anxiety, stress, or autism spectrum disorder as precursors to the initiation of voluntary
flutter. There is also no evidence within the literature that the light itself from the direct
ophthalmoscope could have initiated the voluntary flutter.

In most cases, fixation or visual stimuli do not affect the expression of voluntary flutter;
however, one report detailed the case of a 27-month-old who could also manifest voluntary flutter
on divergent eye movements [3]. The authors of this case report could not define the exact mech-
anism of the oscillation but suggested that the patient may have an instability in the neural inte-
grator of the brainstem/cerebellum that is also linked to voluntary control associated with ocular
alignment [15]. Although individuals who can induce voluntary flutter do not always need to
converge to do so [11], voluntary flutter exhibited on divergence is atypical, and most symptoms
associated with voluntary flutter are amplified during convergence tasks, e.g., reading [2, 10].

The saccadic oscillations of voluntary flutter are similar to the eye movements observed
in “ocular flutter” - a rare disorder characterized by rapid back-to-back horizontal saccadic
oscillations [10]. Voluntary flutter has also been previously misdiagnosed as opsoclonus - a
similar condition to ocular flutter, but with saccades that occur in any direction [4]. However,
in contrast to these pathological acquired conditions, voluntary flutter has no relation to
pathology [4]. An important difference between voluntary flutter and acquired pathological
eye oscillations is the duration and frequency of the movements. The duration of voluntary
flutter is typically very short (between 4 and 35 s [2, 4, 10, 12] with a high frequency [2, 4]).
However, pathological eye oscillations are typically present either continuously or for longer
durations with lower frequencies. Furthermore, patients that are able to manifest voluntary
flutter may not always be aware that these eye movements are under voluntary control [10],
and indeed, some patients may demonstrate bursts of voluntary flutter involuntarily [5]. Conse-
quently, voluntary flutter can be a useful differential diagnosis for patients with a recent onset
apparent “nystagmus” and no other corresponding neurological signs and symptoms [4, 10].

A definitive etiology for voluntary flutter is still unknown. However, Zee and Robinson
[7] proposed that the etiology of ocular flutter lies in an abnormality of the omnidirectional
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“pause” (omnipause) neuronslocated in the medial region of the paramedian pontine reticular
formation. During fixation, excitatory “burst” neurons are inhibited by these pause neurons,
thus preventing saccades [16]. Interestingly, ocular flutter has previously been shown in a
patient with a localized lesion in the paramedian pontine reticular formation [17], adding
weight to the Zee and Robinson [7] model. As these saccadic oscillations are very similar to
voluntary flutter, Yee et al. [10] proposed that the activity of the omnipause neurons in this
neural circuit is also modulated in individuals with voluntary flutter, albeit volitionally.
More recently, Ramat et al. [13] proposed that unstable positive feedback loops created by
both excitatory and inhibitory burst neurons are responsible for saccadic oscillations in
healthy observers. Voluntary flutter is also known to exist among members of the same
family [2], and Aschoff et al. [12] suggested that the ability to induce voluntary flutter is an
autosomal dominant trait. However, a specific gene underlying this potential trait has not
been identified.

In conclusion, voluntary flutter is a rapid oscillation of the eyes that has a short duration
and high frequency. Despite the relatively rare occurrence of voluntary flutter, it is a persistent
cause of referral, especially in older children [6]. In most cases, it is initiated voluntarily,
although it may occasionally occur involuntarily. While typical forms of voluntary flutter are
usually manifest during convergence, atypical forms can also be exhibited during divergence.
If high-frequency nystagmus-like eye movements are observed, the clinician is advised to
enquire whether the patientis aware of having the ability to “shake their eyes,” to prevent
needless referral. Although our patient was eventually somewhat aware that the high-frequency
eye movements were under voluntary control, not all patients manifesting this form of flutter
are aware of the voluntary aspect. Voluntary flutter (whether truly “voluntary” or not) should
therefore be considered when determining differential diagnosis of recent onset apparent
“nystagmus” in the absence of other neurological signs and symptomes.
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