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ABSTRACT 
Horizontal, smooth pursuit eye movements were re­

corded from adults and children with infantile and late­
onset esotropia using a remote, video-based, eye­
movement recording system. Each subject monocularly 
tracked a 0.5-degree target moving back and forth on a 
video monitor at a constant velocity of 1Cl", over a range 
of 12". Each subject's nasal and temporal gain (eya 
velocity/target velocity) was measured. Confirming the 
results of previous studies, we found that Infantile 
esotropes had asymmetrical pursuit eye movements 
(nasal gain greater than temporal gain) while late-onset 
esotropes had symmetrical gains. However, unlike 
previous Investigators, we found that half of the late­
onset esotropes had Impaired pursuit gain. The magni­
tude of the pursuit abnormality and the amount of 
refractive error were correlated---patients with the high­
est refractive error had the lowest pursuit gain. 

INTRODUCTION 
The horizontal smooth pursuit and optokinetic eye 

movements of infantile esotropes are asymmetric.I-4 This 
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asymmetry is characterized by a higher gain for nasally 
directed targets than for temporally directed targets. One 
explanation for the smooth pursuit asymmetry is based on 
the maldevelopment of binocular cortical mechanisms of 
visual motion processing. 5·7 Cortical binocular cells and 
cortical pathways for visual motion overlap and develop in 
parallel. If the eyes are misaligned, both binocular corre­
spondence and motion-processing development are inter­
rupted. Smooth pursuit eye movements are abnormal 
because they are driven by the same visual input from the 
cortical pathways that process motion information. This 
hypothesis leads to the prediction that patients with 
esotropia appearing after the critical period for binocular 
development, will have symmetrical, smooth pursuit eye 
movements. 

The purpose of this study was twofold: first, to test this 
prediction by recording horizontal smooth pursuit eye 
movements from patients with a history of infantile and 
late-onset esotropia; second, to determine the feasibility of 
using a remote video-based recording system to record 
pediatric patients' eye movements rather than electro­
oculography, which can be cumbersome, time-consuming, 
and anxiety producing for a child. 

METHODS 

Subjects 
A total of 42 subjects were tested; 25 children and 17 

adults. All subjects received a complete visual and ocular 
motility examination. Criteria used to establish the pres­
ence of infantile esotropia were documented onset of 
esotropia occurring between 6 and 12 months of age, latent 
nystagmus, and dissociated vertical deviation (DVD).8·9 

Infantile esotropes were tested for two reasons: (l) to 
replicate previous findings using video-based equipment; 
and (2) to assure the credibility of our data from late-onset 
esotropes. Criteria for late-onset esotropia were docu­
mented onset of esotropia after 2 years of age, no latent 
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FIGURE 1: A schematic of the video-based tye fi'WVtmenJ recording 
$Yfllem UJJed in tk pl't84!nt stu.cbt Eye nu:JUemQilf were recorded 
wti.ng only orut co:mel"(( o.t a time,· t~ fo.Uoweyt .ws pou:Md. 

nystagmus. and no DVD. Of the 15 patients with late· 
onset esotropia, nine had an aecommodati\'e component. 
Patients with only DVD or nystagmus were excluded. 

The children were 4 to 12 years of age and included 13 
nonnal controls, 9 late-onset esotropes, and 3 late-onset 
exotropes. '!he Snellen acuities of the strabismic child were 
no worse than 20fl.5 when their eye m(J'V'(!ments were 
recorded, although most had a history of occlusion therapy 
for amblyopia. The adult subjects, all with at least 20125 
acuit;y in each eye, included five normal controls, four 
infantile esotropes, six late-onset esotropes, and two late· 
onset exotropes. 

RECORDING CONDITIONS 
A schematic of the system used to record pursuit eye 

movements is shOYm in Figure 1. Because of equipment 
limitations, ~ mO\'f~ment.a were recorded from only one 
camera at a time, but in order to minimize the time 
required to position the patient's bead, two eameras, a 
switch, and two illuminants were used. The eye was 
illuminated with infrared radiation. A low-light level 
change-coupled device video camera, equipped with an 
infrared fllter, imaged the subject's dark pupil. The output 
of the camera was fed to a real-time digital image proces­
sor, which tracked the center of the pupil at a sampling 
rate of 60 Hz (lSCAN, Cambridge, Mass~ 10.11 The camera 
output could also be fed to a video casaette recorder, for 
storage of the data on video-cassette tape for later analy· 
sis. The horizontal position of the center of the dark pupil 
was used as the measure of eye position. Soft ware written 
for an Apple lie digitized the tracker's analog output and 
stored the digitized records. The software also controlled 
the position of the pursuit target on a small video monitor 
located 75 em in front of the patient. 

DATA COlLECTION 
Each subject was tested monocularly with his or her 

spectacle c.orrection if required; the fellow eye was 
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FIGURE 2: Pur,,;, eye mooem,,,;, rtCOTd.ed ~para~ly {NJm -h 
(!)If of an I 1-~NJJ.d orlhcplloric subjtct. Ncual gain = 0 .86; 
tem.porol eai11 = 0.86. 

patched. A chin-and-forehead rest stabilized the subject's 
head. Prior to recording the pursuit eye movements, 
monocular calibration data we-re obtained by instructing 
the subject to look at the video screen, which displa)"d a 
center fuation target and two ecoentric 1-at'geta, one SO to 
the left of the center target and the other s• to the right. 
The subject made saccadic eye movements to the right and 
left of the center target. The pursuit target. a 0.5-d~ 
spot of light, moved at a constant velocity of 10' per second 
over a span of 12' . At leas( 20 cycl.,. of punsuit eye 
mm•ement data were obtained from each eye. 

DATA ANAlYSIS 
The average pursuit velocity of each naSlllly and tempo­

rally directed eye movement segment of at least 400-ms 
duration was measured directly from the digitized eye 
movement records. Gain (eye velocity/target velocity) was 
calculated for each segment. Using a paired t-teat, each 
normal subjeet's temporal and naaal gain for 20 cyclea of 
data were analyzed for right and left eye differences and 
none were found. On that basis, each normal subject•s 
right and left eye nasal gains and right and left eye 
temporal gains were pooled. Analysis of these data showed 
no significant nasal·temporal asymmetries. 

For each patient, the right and let\ eye temporal gains 
and the right and left eye nasal goons did not differ 
significantly. On this basis, each patient's right and left 
eye nasal gain and right and left eye temporal gain values 
were pooled. 

RESULTS 
Figure 2 shows pursuit movements recorded separately 

from each eye of an 11-year-old orlhophoric subject. Figure 
3 showa pursuit eye movements recorded separately from 
an adult with a history of infantile eootropia. The patient 
exhibits pursuit asymmetTies. Temporally directed eye 
movements are characterized by large, interconnecting 
saceades. Nasally directed eye movements show small 
refixation saccades, which move in the opposite direction 
to the moving target. We assume that these patterns 
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FIGURE 3: P1muil eyo nu><~m<nts recorded S<pc.rouly from each 
eye of an adult infantile esolrope. Nasal gain = 0.95; tempOral 
goirt • 0.24. 

PJOlJRE 4: Purttuti tyt m(l(..lt~nl$ ~ from each Qoe of a 
lO·yeor-old late·-omet nolrvJN. Na:sal gain = 0.67; «tmporGl gain 
= 0.61. ThitJ sain dilfiu·ence was not significant. 

indicate that compared with target velocity, nasal velocity 
was &lightly fw;tcr and temporal velocity wrus •lower. 
Actual verification of our assumption is impossible with 
our system because exact target position was not recorded. 
The difference in velocity could be the result of temporally 
beating nystagmus with the slow phase affecting the 
overall eye velocity. Figure 4 shows the monocularly 
l'ecorded pursuit records of a 10-year-old late-onset 
esotrope. Small temporal/nasal asymmetries were seen in 
this sample of ey\l movements. but the patient's mean 
nasal gain (0.67) and mean temporal gain (0.61) did not 
differ significantly. The gains were. h<JWe\·er, outside the 
range of the nonnal controls. 

Figure 5 shows the mean nasal and temporal gains for 
each adult in the experimental and control groups. Pursuit 
tracking of the infa ntile esotropes was asymmetric; na.o;al 
gain was bighQr than t.e.mporal gain. The late-onset 
eaotropes bad symmetrical pursuit. gains, but the temporal 
and nasal gains of five of the six late-onset adult esotropes 
were outaide of tbe normal range. The mean nasal and 
temporal gains of the late-onset esotropes were signifi­
cantly IOW1!r than the normal temporal and nasal means. 
(Mann-Whitney U test. P <.05). 

Figure 6 shows: the mean nasal and mean temporal 
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FIGURE 6: MefJn umporol and nl.tan nas(Jl gain$ (or adult 
normal controls and odult strabismic po&nts. Patients wlto had 
flrabismu$ surseryare indicated by open circle'!l. 

gains for the pediatric group. The nasal and temporal 
gains of four of the nine late-onset esotropic children were 
outside t.he normal range. The mean nasal and temporal 
gains of the late-onset esotropes were significantly lower 
than the normal oasaJ and temporal means (Mann­
Whitney U test, P < .Ofil. 

We found no correlation between the symmetrical gain 
reduction in late-onset esotropia and stereopsis, ey\l pre~ 
ere-nee, &urgery, or visual acuity. There was, however, a 
relationship between putsuit gain and refractive error. 
Figure 7 shows each patientS mean nasal/tempOral pur· 
suit gain plotted separately for the preferred and non­
prel'erred eyes as a function of spherical refractive error. A 
straight line, 6t to the data by the method oflcast squares, 
showed a correlation of0.67. 

DISCUSSION 
In agreement with the findings of Tycbsen et al, 1 we 

found that infantile esotrope.s have asymmetrical s mooth 
purSwt (nasal gain greater than temporal gain~ However, 
unlike Tyscben et al, who reported that "subjects with 
strabismus acquired after Lbe age of 2 years d.id not have 
impaired pursuit", we fou.nd that 50<jf of the late-onset 
esotropes whom we tested had impaired pursuit gain. 
Further, the magnitude of the gain reduction was associ­
ated with the magnitude or the patient's Tefracti~-e error-
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the higher the refractive error, the lower the gain, in either 
direction. This association could possibly be an artifact of 
optical magnification from the patient's spectacle correc­
tion. Because of magnification, the patient tracks a target 
with a velocity greater than 10' per second. Since pursuit 
gain decreases as target velocity increases, 12 the patient's 
gain might still be normal after correction for magnifica­
tion. This possibility is unlikely since the effect we found 
for the late-onset esotropes is larger than predicted by 
magnification. For example, a + 5.00 spherical lens causes 
a magnification of approximately 9%, which increases the 
velocity of the target on the retina from only 10' to 11' per 
second. The gain decrement associated with such a small 
change in target velocity is negligible. To conftrm this, we 
recorded pursuit movements from a normal emmetropic 
subject with and without a + 5.00 spherical lens and found 
only a 2% reduction in pursuit gain. 

These data suggest that the mechanism responsible for 
symmetrically reduced pursuit gain develops after sym­
metrical pursuit matures but before normal absolute gain 
levels are reached. Because of increased accommodative 
demand, the hyperopic child is exposed intermittently to 
bilaterally defocused retinal images. This, in turn, may 
reduce retinal sensitivity to position and velocity informa­
tion. For example, it is known that motion sensitivity 
decreases as visual acuity decreases. 13 

Directional eye movement asymmetries have been re­
ported by some investigators 1·7·14- 16 but not others.t7,18 
One possible reason for this discrepancy is that the 
emphasis in most of these studies was on the eye move­
ments of the amblyopic eyes of strabismic patients. 
Whether the patients had early or late-onset strabismus 
was usually not documented. In studies in which the age of 
onset to strabismus has been documented,1-3,t9 the age of 
onset and asymmetry of eye movements were correlated. 
For example, Derner and von Noorden3 found that 58% of 
esotropic patients who developed strabismus before 6 
months had asymmetric optokinetic nystagmus but only 
5% of patients with esotropia developed under 24 months 
of age showed asymmetry. 

Our study has also shown that in spite of some limita­
tions, a video-based eye-movement recording system can 
be used effectively to record pediatric patients' eye move­
ments. 20 A video system has the advantages of being 
noninvasive and rapid. Most of the children that we tested 
were comfortable with the test conditions, and the average 
time required to record each child's eye movements was 15 
minutes. In this study, measures of horizontal eye position 
were based only on pupil measurements, which requires 
that the patient's head is stable. However, the system 
described here also monitors corneal reflection (the first 
Purkinje reflex) so that the pupil-cornea difference can be 
calculated as point of gaze, which compensates for small 
lateral head movements. 

Aslin,21•22 and Hainline and Lemerise23 and Lemerise 
have used video-based systems to record normal infants' 
eye movements. The major difference between their sys­
tems and ours is that in contrast to our system, the light 
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FIGURE 6: Mean temporal and mean nasal gains for the normal 
and strabismic children. Patients who had strabismus surgery are 
indicated by open circles. 
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FIGURE 7: Mean purswt gam as a functwn of refractwe error 
(spherical equivalent) for the preferred and non·preferred eye of 
late-onset esotropes. Each data point represents the auerage nasal f 
temporal gain for each eye. 

source used by these researchers is coaxial with the video 
camera lens, so that the image of the pupil is ftlled with 
light reflected from the retina, the so-called bright pupil. 
Since a bright pupil system requires a large pupil diame­
ter, subjects must be tested under low ambient illumina­
tion. In our system, the light source is off the axis of the 
camera lens 11-2 inches below the lens) so the light is 
reflected from the front of the eye, the so called dark-pupil 
system. Although pupil diameter is not as critical with the 
dark-pupil system, light reflected off the lashes and sclera 
can *confuse" the tracker. The system described here can 
be modified to a bright-pupil system. 

Disadvantages of the video system include a relatively 
slow sampling rate (60Hz) and a small range of linearity 
( ± 15'). The electro-oculogram has a larger linear range 
than a video based system, ( ± 30') as well as higher 
temporal resolution. Because of these drawbacks, the 
video-system described here is limited to the study of slow 
velocity and long latency eye movements. 

In summary, our data conftrm previous reports that the 
magnitude of nasal-temporal eye movement asymmetry 
depends on the age of onset of strabismus. Nasal-temporal 
asymmetries are found in infantile esotropia but not in 
late-onset esotropia. In addition, we have found that 
late-onset esotropes have symmetric pursuit deficits 
which are related directly to the amount of hyperopia 
present. 

We have also demonstrated that eye movements can be 
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recorded effectively in pediatric patients using a video­
based recording system which is rapid, comfortable for the 
patient, and a promising tool in studying eye movements 
of pediatric patients. 
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