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Supranuclear gaze palsy and opsoclonus after Diazinon

poisoning

T-W Liang, L J Balcer, D Solomon, S R Messé, S L Galetta

A 52 year old man developed a supranuclear gaze palsy
and opsoclonus after Diazinon poisoning. The diagnosis
was confirmed by low plasma and red blood cell
cholinesterase activity and urine mass spectroscopy.
Saccadic control may be mediated in part by acetylcho-
line. Opsoclonus in the setting of organophosphate intoxi-
cation may occur as a result of cholinergic excess which
overactivates the fastigial nuclei.

described after organophosphate poisoning.' * Diazinon,

an organophosphate, acts as a cholinesterase inhibitor.
Accumulation of acetylcholine at muscarinic, nicotinic, and
central sites results in the acute toxic effects. Often the well rec-
ognised findings such as delirium, convulsions, and paralysis
overshadow such eye findings. We report a patient with supra-
nuclear gaze palsy and opsoclonus from Diazinon poisoning and
speculate on the possible underlying mechanisms.

Various central eye movement abnormalities have been

CASE REPORT

A 52 year old man with a history of hypothyroidism and anxi-
ety disorder was admitted to a local hospital with acute
confusion, dysarthria, and ataxia. Shortly after admission, he
had a convulsion and was intubated for airway protection.
Computed tomography (CT) of the head was normal. EEG was
normal. Cerebrospinal fluid contained 1 white blood cell/mm’,
1 red blood cell/mm’, protein 50 mg/dl, and glucose 115 mg/dl.
A peripheral white blood cell count was 21 000/mm’. A urine
toxicology screen was positive for benzodiazepines. Blood,
urine, stool, sputum, and CSF cultures were negative. The
patient was extubated on the third day after admission, only
to require reintubation for hypoxic respiratory failure.
Pupillary miosis, copious secretions, and diarrhoea were
noted. He was transferred to our hospital for further
evaluation.

On examination, his temperature was 99.3°F, pulse 98
beats/min and regular, and blood pressure 127/96 mm Hg.
Marked diaphoresis and copious bronchial secretions were
present. He was intubated, but was alert and oriented.
Bilateral severe ptosis was present. Pupils were miotic and
sluggishly reactive to light stimulation. Convergence was
absent. Voluntary conjugate pursuit eye movements were
markedly limited in range (less than 10°) in all directions.
Saccadic eye movements were absent to a target and
optokinetic strip. Oculocephalic reflexes and Bell’s phenom-
enon remained intact. Fixation was interrupted by ocular
flutter and occasional opsoclonus. He had a 3 Hz jaw tremor
and occasional myoclonus, more prominent on the right.
There was diffuse weakness (4/5), proximal greater than
distal. Sensory examination was intact to light touch,
temperature, and vibration. Reflexes were 1+ bilaterally and
plantar responses were flexor.
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Brain magnetic resonance imaging was normal. Nerve con-
duction studies and EMG with repetitive stimulation were
normal. Organophosphate poisoning was confirmed by low
levels of plasma and red blood cell cholinesterase activity, 0.1
1U/ml (normal 5.2 to 12.8 IU/ml) and 2.2 IU/ml (normal 6.2 to
10.3 1U/ml), respectively. Treatment with atropine and
pralidoxime was initiated over the next 10 days. On day 15 of
the hospital course, he became more responsive and on day 17
he was extubated. Neurological examination at this time
showed mild diffuse weakness and tremor. His voluntary eye
movements were full and his ocular flutter had resolved.

His wife brought in a sample of liquid found in his garage
which proved to be Diazinon. Diazinon was also detected in
the patient’s urine by mass spectroscopy. He then admitted to
ingesting wasp spray in a suicide attempt.

DISCUSSION

Preservation of the oculocephalic reflex and Bell’s phenom-
enon suggests that our patient’s gaze palsy was supranuclear.
In the largest case series describing the neurological manifes-
tations of organophosphate poisoning, Wadia and colleagues’
described both “ocular paralysis” and “slowed eye move-
ments.” Ocular paralysis usually consisted of bilateral sixth
and occasionally third nerve palsies. There were also five cases
of lateral conjugate gaze palsy, but reflex eye movements were
not reported. In two patients with slowed voluntary eye
movements, caloric stimulation revealed nystagmus in one
patient and conjugate eye deviation in the other. To our
knowledge, no other case of supranuclear gaze palsy after
organophosphate poisoning has been reported.

Formal eye movement recordings were not undertaken on
our patient owing to his critical condition. Nevertheless, he
was unable to perform voluntary saccades on command dur-
ing the period when he was alert. Pursuit eye movements were
also markedly restricted. On the basis of clinical observation
the saccadic oscillations were presumed to be opsoclonus and
ocular flutter.

Although opsoclonus has been previously described in
association with organophosphate poisoning,*’ our patient
was unique in that he demonstrated both supranuclear gaze
palsy and saccadic oscillations. Ocular flutter is a saccadic
oscillation similar to opsoclonus, characterised by involuntary
horizontal eye movements without an intersaccadic interval.
Although the exact mechanism and localisation of saccadic
oscillations is uncertain, it has been suggested that opsoclonus
and ocular flutter occur as a result of dysfunction of
omnipause neurones that reside in the nuclei raphé
interpositus.® During normal fixation, these neurones are
thought to inhibit the activity of burst neurones that drive
normal saccades. However, pathological studies of patients
with opsoclonus have not shown consistent abnormalities in
the omnipause region.” Furthermore, experimental lesions of
omnipause neurones have been shown to cause slowing of
horizontal and vertical saccades, but not saccadic
oscillations.® Zee and Robinson® proposed that in addition to
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Figure 1 Schematic representation of the brain stem saccade
system. Excitatory connections are labelled +, inhibitory connections
are labelled —. Cholinergic neurones from the pedunculopontine
tegmental nucleus (PPTN) project to the contralateral fastigial nucleus
(FN). Excitatory projections terminate onto excitatory (EBN) and
inhibitory (IBN) burst neurones bilaterally. The projections from the
fastigial nucleus to omnipause neurones are presumably inhibitory.
Organophosphate intoxication leads to a state of cholinergic excess
that may overactivate the fastigial nuclei. Opsoclonus may occur as
a result of inhibition of omnipause neurones (OPN) and subsequent
release of EBNs. Adapted and modified from Robinson and Fuchs,
2001; with permission from the Annual Review of Neuroscience
2002, vol 24 (© 2001, Annual Reviews; www.AnnualReviews.org).

omnipause dysfunction there is inherent instability in the
brain stem saccade system that could account for oscillations
under appropriate conditions.

The fastigial ocular motor region has a well known role in
the control of saccade accuracy. It is known to project to
omnipause neurones and burst neurones.” ' Although lesion
studies of the cerebellum have not demonstrated opsoclonus
or flutter, fastigial and vermal lesions have been shown to lead

www.jnnp.com

Liang, Balcer, Solomon, et al

to saccades with highly variable gains and velocities.”” Wong
and colleagues’ created a model of opsoclonus by incorporat-
ing the fastigial ocular motor region into the brain stem sac-
cade system. By introducing a slight delay and increase in the
fastigial output (gain) into the feedback loop, they produced
hypermetria. With further increases in the gain, they
produced indefinite oscillations with a frequency and ampli-
tude consistent with opsoclonus.

The fact that the eye findings occurred after organophos-
phate intoxication suggests that the pathways involved in sac-
cade generation are partly mediated by acetylcholine. We pro-
pose that the source of input may arise from brain stem
cholinergic nuclei such as the pedunculopontine tegmental
nucleus (PPTN). This paired cell group has been traditionally
linked to a variety of functions including locomotion, arousal,
and sleep." Its location adjacent to the brain stem saccadic
system and the fastigial nucleus raises the possibility of a
functional connection between these structures. PPTN neu-
rones have been shown to project to the contralateral fastigial
nucleus” and intermediate layers of the superior colliculus."

In our case of organophosphate intoxication, excess acetyl-
choline could have led to enhanced fastigial output resulting
in inhibition of omnipause neurones" and release of burst
neurones (fig 1). Activation of the fastigial nucleus along with
the inherent instability and delay in the saccade generator
could have led to opsoclonus. The signal for voluntary gaze
control may have been inhibited by the effect of excess acetyl-
choline on other supranuclear projections.

Our patient’s constellation of eye findings suggests that
saccadic control may be mediated in part by acetylcholine. A
similar combination of supranuclear gaze palsy and saccadic
intrusions manifesting as square wave jerks often occurs in
progressive supranuclear palsy. In contrast to our case, it is a
loss of cholinergic cells in the PPTN, interstitial nucleus of
Cajal, rostral interstitial nucleus of the MLF, and superior col-
liculus that is thought to lead to the hallmark eye movements
of progressive supranuclear palsy.” ' Whether it is a loss of
acetylcholine or an excess in brain stem nuclei, it is
conceivable that an imbalance of acetylcholine may lead to
simultaneous release and inhibition of supranuclear struc-
tures involved in gaze control. The role of acetylcholine in gaze
control is not well understood, and study of these cholinergic
pathways may provide further insight into disorders of ocular
motility. Furthermore, the diagnosis of organosphosphate
poisoning may be aided by the recognition of these eye
findings.
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