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Introduction

saccadeisarapid movement of the eyes to point the visual axis
5 Ain anew direction. The most primitive form of saccade is the
i quick phase of vestibular nystagmus, which acts in animals with-
| out a fovea (such as rabbits) to keep slow phases of vestibular nystag-
mus from “pinning” the eye in anextreme position of the orbit. Foveate
animals, such as primates, in addition can make voluntary saccades
toward novel visual stimuli, independent of head movements, as well
astoward more subtle targets, such as the remembered location of an
object in space.!

Saccades are the most rapid eye movements, with the peak (angular)
velocity approaching 900 degrees per second for very large refixations.
Smaller saccades have smaller peak velocities, and a consistent rela-
tionship between the size of a refixation movement and its peak velocity
hasbeendescribed, the so-called “mainsequence” plot (Figure 1). The
ideal saccadic eye movement to a new visual stimulus takes placeina
single rapid refixation that stops right at the new target, and holds the
new position withoutdrift. The accuracy of saccades is usually defined
as the ratio of the actual saccade amplitude (in degrees) to the intend-
ed amplitude required to place the target on the fovea, expressed as a
! percentage. Saccadesare usually initiated within about 150-250 mil-
liseconds of the appearance of a new visual stimulus. This delay is
referred to as the saccadic latency.



Neurophysiology of Saccadic
Eye Movements

The generation of reflex and voluntary saccades is under
the control of a complex distributed network of brain
regions. Excitatory burst neurons (EBN) are found in the
pontine paramedian reticular formation (PPRF) for
horizontal saccades, and in the rostral interstitial nucleus
of the median longitudinal fasciculus (riMLF) of the mid-
brain for vertical saccades.?? The EBN discharge rapidly
justprior to all types of saccades, with a firing rate that is
correlated with the resulting eye movement velocity. The
EBN directly activate ocular motoneurons (OMN). The
EBN burstactivity is also mathematically integrated by ad-
ditional brainstem structures, resulting inanadditional in-
puttothe OMN’s thatis correlated with the instantaneous
positionof the eye. Disorders of the EBN burst generation
may result in abnormalities of saccadic velocity and
accuracy.!

The brainstem machinery for the generation of saccades
isactuated by inputfromahierarchy of otherbrain regions.
Quick phasesof vestibularand optokinetic nystagmusare
probably triggered by vestibular afferents through interneu-
rons * The actuation of voluntary saccades is more complex.
Various cortical areas (esp. frontal and parietal) interact
withthesuperiorcolliculus (directly, and viathe thalamus
and basal ganglia) to encode the direction and amplitude
of a desired saccade. In addition to the indirect control of
saccade initiationby the cerebral cortex viathe superior col-
liculus, there is also a direct pathway from the frontal eye
fields to the PPRF and mesencephalic reticular formation !
Dysfunctionofthe cortical control of saccade generation
may resultindisorders of the initiation, accuracy or velocity
of saccades. The cerebellum is involved in the adaptive con-
trol of saccade accuracy. Lesions of the dorsal vermis alter
the control of the size of the saccadic pulse, resulting inover-
shootorundershoot of the target (saccadic dysmetria) 3In
contrast, damage to the flocculus and paraflocculus
produce adifferent abnormality of saccade dynamics, so-
called postsaccadicdriftor glissades.® A glissadeis aslow
drift of the post-saccade eye position produced by a mis-
match between the orbital position that results from the
pulse of innervation from the OMN, and the step of inner-
vation available to maintain the new position.

Technical Considerations

Because of the importance of the dynamics of saccades in
neurologic diagnosis, recording and quantitative analysis
of saccadic eye movements has become a very useful ad-
junct to the clinical bedside examination of the patient.
Phenomenathat canbe bestappreciated by recordings in-
clude postsaccadic drift, characteristic abnormalities of
saccade waveforms in myasthenia gravis, and subtle slow-
ingordelay ininitiation of saccades.! The high velocity and
high frequency components of the movements make the
technical requirements very demanding. Inmostresearch
settings, recording of saccadic movements is done with
magnetic search coil or other techniques that have very high
bandwidth, greater than 100 Hz. In clinical practice, DC
electrooculography (EOG)is very useful aslong as its limi-
tations areappreciated. Theseincludelimited bandwidth
(<40Hz), inherent noise, and numerous artifacts that may
appear inthetracings. The clinical use of quantitative anal-
ysis of saccade recordings has been greatly facilitated by
the development of automated microcomputer analysis rou-
tines for digitized EOG data.

In preparation for saccadic recording, great attention
should be paid to careful skin preparation, which will help
reduce the noise and drift in the recording to a minimum.
The technician examines the patient’s eye movements clin-
ically todetectdisconjugate eye movements, e.g. duetoac-
quired strabismus, that will render bitemporal recording
invalid. We administer the test using a paradigm that is a
non-predictive presentation of saccades of various sizes,
inapparently randomdirections, with extinguishing of each
target justas the next target is presented . We do not routinely
use a head fixation device, but find that most patients can
hold the head still voluntarily or by placing their hand on
thechinasareminder. All patientsare recorded withbitem-
poral electrodes, and then also evaluated with individual
eyerecording. Foreachtrial, therecording isallowedto pro-
deed until 80 saccades have been attempted.

The data are analyzed using software which extracts the
peak velocity, latency after target presentation, and accura-
cy of each saccade (Figure 1). For bitemporal recording,
the software presents a ““main sequence” plot of the rela-
tionship between saccade amplitude and peak velocity, with
ashaded area indicating the boundary of 2 standard devi-
ations below the mean of a group of age-matched controls
foreach amplitude. Inaddition, the latency and accuracy
of each saccade are presented on scatterplots. Individual
eye recording analysis presents similar data for each eye
independently.






