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Abstract. For clucidating the nonvisual cye position control system, we studied the
accuracy of saccades toward the remembered position (memory-guided saccades) in a patient
with ocular lateropulsion having tonic bias of the eyc position. Although the saccadic
dysmetria causcd by ocular lateropulsion was recorded during memory-guided saccades in the
samc manner as visually guided saccades. the cyes reached precisely the intended position by
corrective saccades. The mean latency of corrective saccades was significantly longer than that
of corrective saccades observed for visually guided saccades. This long latency of corrective
saccades supports the assumption that feedback information of the eye position is a signal
generated by orbital afferents rather than a copy of the motor command.

It is known that the eve position is accu-
rately controlled without a visual fixation tar-
get [1-3]. Efference copy [4] or the afferent
information from the orbit [5] rclates to non-
visual cye position control. Currently. the
efference copy thcory is widely accepted. and
the role of the afferent is still unknown in
human subjects.

A patient with ocular lateropulsion has
tonic bias of the eye position toward the side
of the lesion [6-8]). The tonic bias is most
promincnt when fixational effort is inhibited.
The eyes deviate tonically toward the side of
the lesion when the paticent closes his cyes.

Furthermore. it interferes with saccadic eye
movements. Horizontal saccades directed to
the side of the lesion overshoot the target. and
contralateral-directed saccades undcrshoot
the target. It is assumed that the tonic bias is
generated after the level where the efference
copy is evaluated [6]. Therefore, the patient
with ocular lateropulsion will not be able to
correct the tonic bias without the nonvisual
afferent conveying the cye position informa-
tion.

To cvaluate the functional role of the non-
visual afferent in the control of cye position,
we investigated the accuracy of saccades
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Fig. 1. Examples of visually and memory-guided saccades of 20. 40 and 60°. Upper traces indicate right-cyve
movements. and lower traces indicate left-cye movements in cach recording. Upward deflections denote

rightward movcements in cach trace.

toward the remembered position in a patient
with ocular lateropulsion in Wallenberg’s
syndrome. Our data indicate that the patient
can move the eye accurately without visual
information. despite the tonic bias of the cye
position.

Patient and Methods

A Sl-year-old man was admitted to the hospital
after the sudden onsct of numbnecss of the left side of
the face. nausca and vertigo. Neurologic examinations
demonstrated: (1) dissociated analgesia (thermoancs-
thesia with preserved tactile sensation) on the left side
of his face and the right sidc of his body: (2) Horner's
syndrome of the left: (3) mild weakness and hyperre-

flexia in his left limbs: (4) tendency to stumble to the
left. and (5) cercbellar signs in the left arm. Visual
acuity was 20/20 in cach cve. Visual ficlds and ocular
fundi were normal. The patient’s ncurologic signs and
symptoms were tvpical of Wallenberg's syndrome.
Low density of the left lateral medulla oblongata was
observed by computed tomography (CT) cxamina-
tion.

The paticnt was tested 12 days afier the onsct of the
symptoms. Eve movements were recorded with direct-
current clectro-oculography. To cvaluate the tonic bias
of the eve position. the patient was instructed to fixate
on a target. and then close the ceye. A light-cmitting
diodc was uscd as the target. To evaluate horizontal or
vertical saccades and smooth pursuit, a laser dot pro-
jected onto a screen was used as the target. For sac-
cades. the target moved stepwise with amplitudes of
20. 40. 60'. centering on the primary position in total
darkness. Initially. saccades were performed with the
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visual fixation point (visually guided saccades) for
30 s. and then the target was switched off. The patient
was instructed 1o continue saccadic ¢ye movements
with the given amphtude (memory-guided saccadcs).
For smooth pursuit. the target moved with a constant
velocity (frequency 0.2 Hz. velocity 23°/s). Through-
out the experiment. the patient was scated on a chair.
and the chin, brow and head were fixed on a frame.

Results

The ocular lateropulsion was observed by
examination of the cye movements. On
attempting visually guided saccadcs. hori-
zontal saccades directed toward the side of
the lesion overshot the target. The overshoot
was marked for saccades of 20°, and indistinct
for saccades of 40 and 60°. Contralaterally
directed saccades undershot the target. The
undershoot was recorded for all saccades of
20, 40 and 60°. The cye rcached on the target
with multiple corrective saccades (fig. 1). The
intersaccadic interval between the initial sac-
cadce and the first corrective saccade was
203+ 45 ms(mean = SD. n=20). Vertical sac-
cades were deflected toward the side of the
lesion by an aberrant horizontal component.
Thus. all vertical saccades terminated to the
left of the goal., but the eves were immediately
brought back on target by multiple corrective
saccades. Horizontal pursuit was asymmel-
ric. The velocity of horizontal pursuit di-
rccted to the intact side was decreased and
pursuit movements were saccadic. When the
fixation was suddenly inhibited by closing the
eve. the cve position deviated by about 30°
toward the side of the lesion. The deviation
was achieved by a slow or fast eye movement.
or by a combination of them.

On attempting memory-guided saccadcs.
dysmetria and its corrective movements werc
rccorded in the same manner as visually
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Fig. 2. Imual and final amphtudes of memory-
guided saccades directed to the right. The mean ampli-
tude of initial saccades (©) and the mean of final
amplitudes (@) arc ploticd against the intended ampli-
tude. Bars represent the standard deviation.

guided saccades (fig. 1). However, the inter-
saccadic interval between the initial saccade
and the first corrective saccade was
250 +47 ms(mcan *=SD, n=20). and was sig-
nificantly longer than that of visually guided
saccades (two-tailed t test. p<<0.005). In spite
of the dvsmctria, the eyes reached the arca
within +35° from the intended position by
corrective saccades (fig. 2).

Discussion

The present study shows that the saccadic
dvsmectr:a caused by ocular lateropulsion can
be corrected without visual information. The
final position error of memory-guided sac-
cades was within +35°. In normal subjects.
this crror ranges from -3 to 11° for 40° sac-
cadcs [1). Thus. these findings indicate that
the patient has normal accuracy for nonvisual
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cye position control. During visually guided
saccadcs, corrective saccades occur depend-
ing upon the differences in space between the
target and the target image on the retina (ret-
inal error signal). On the other hand. during
memory-guided saccades. the retinal error
signal is not availablc to control the cye posi-
tion.

Ocular lateropulsion with Wallenberg's
syndrome may reflect vestibular imbalance
[9]. The output of the vestibular nucleus pro-
jects directly to motoncurons. Thus. volunta-
ry cye movements are perturbed by the tonic
bias generated by vestibular imbalance at the
motoneuron lcvel. If tonic bias with latcro-
pulsion can be corrected by the efference
copy. the cfference copy must originate in
the motoneurons. However. that possibility
sccms very improbable. because motoncu-
rons never projcct their axons to places other
than extraocular muscles. The mcan latency
of corrective saccades during memory-guided
saccades was significantly longer than that of
corrective saccades during visually guided
saccades. This fact indicates that the pattern
of memory-guided saccades was not a repeti-
tion of visually guided saccades. and that
another correction mechanism cxists for
memory-guided saccades. The long latency of
corrective saccades observed for memory-
guided saccadces supports the assumption that
feedback information of the cye position is a
signal generated by orbital afferents, rather
than a copy of the motor command.

It 1s assumed that extraocular muscle pro-
prioccption is @ main signal in orbital affer-
ents. The most proprioceptive fibers from the
eye muscles run in the ophthalmic branch of
the Vth nerve [10]. Fiorentini and Maffei [11]
rcported that cyc oscillations arc seen in the
dark after section of the ophthalmic branch of
the Vth nerve in the cat. The extraocular

muscle afferent manly projects to the cercbel-
lar vermis. lobules VI-VII [12, 13]. It 1s well
known that this arca plays an important rolc
in the control of cve movements [14-16].
Recently, it has been reported that nonvisual
cyc position control is impaired in paticnts
with cerebellar degeneration [17). Kimura
and Mackawa [18] suggested that the cxtra-
ocular muscle afferent conveys the informa-
tion of the cye position 10 the cercbelium,
Thus. 1t is probable that the extraocular mus-
cle affcrent may be related to the nonvisual
cyc position control system through the cere-
bellum.
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