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The Saccadic Eye Movement System

by B. Todd Troost, M.D.

The saccadic or fast eye movement system is the ocular
motor system which allows the eyes to move rapidly in
order to fixate an intended target with the fovea. A brief
review of the anatomy of this system is followed by some
comments on clinical application. Further details are avail-
able in the cited material.'™®

An operational scheme for horizontal gaze in humans
is outlined in figure 1. Horizontal fast eye movements or
saccades originate in the contralateral frontal lobe with
information being passed by a multi-synaptic pathway to
the brainstem with a crossing in the mid-brain (fig. 1).

In the brainstem, following this crossing of the fast
eye movement pathway, the control of horizontal gaze
functions ipsilaterally. That is, the left hemisphere is re-
sponsible for rightward saccades. The right brainstem from
the lower mid-brain caudally, including the pons, is also
responsible for rightward fast eye movements. The final
command for a saccade is organized at the segmental
level of the abducens or sixth nerve nucleus and this
region of the reticular formation is known as the PPRF
(paramedian pontine reticular formation).

From this region, neuronal information must be con-
veyed to the extraocular muscles. The neuronal firing
pattern to produce a saccade is termed a “pulse-step”.
This means there is a sudden increase in the neuronal
firing level (the pulse) to rapidly bring the eyes to their
new position followed by a return to a new baseline firing
level (the step) which holds the eyes in their new position.

It is appropriate to trace the pathway for a voluntary
fast eye movement to understand the synchronization of
the two eyes in making a rightward saccade. A command
would begin in the frontal lobe in an area known as the
frontal eye field (area 8) in the left hemisphere. The com-
mand would follow the pathway outlined in figure 1 with
a decussation in the lower part of the mid-brain to the
right side of the brainstem towards the PPRF.

After the composition of the pulse-step command,
information is passed from the right PPRF to the region
of the abducens (sixth nerve) nucleus. Some neurons in
the abducens nucleus, known as abducens motor neurons,
carry the information to the right lateral rectus in the sixth
cranial nerve. The right lateral rectus would be the main
agonist for a quick rightward eye movement.
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Fig. 1. Saccadic gaze pathway. S indicates initiation of
saccades in cerebral hemisphere. The pathways decussate
in the lower mid-brain and upper pons to terminate in the
contralateral PPRF. (From Reference #3.)

Fig. 2. Operational schematic showing output of para-
median pontine reticular formation (PPRF) to ipsilateral V]
and opposite Ill nuclei. Crossing pathway ascends to mid-
brain in medial longitudinal fasciculi (MLF).






