Visual Development in Preterm and Full-Term Infants:

A Prospective Masked Study

Silvia Weinacht,' Christian Kind? Jirgen Schulte Manting,” and trene Gottlob"

Pumrask. To compare development of visual acuity and binocular vision in prelerm and fullterm
Infams in a prospective study that used testers masked to subjeet's gestational age.

Memioos, Seveniynine healihy full-term infants, mean gestational age 40 weeks, and 18 low-risk
preterm infants, mean gestational age 34 weeks, wene examined biweekly herween the ddth and
Sdth wieks of pastmensteual age. Ocular alignment, convergence, Ruskon, grating acuity, and onset
of oprokinetic nystagmus (OKN) were sssessed at each examination.

Restnzs. The mein postnatal ages of apsen of seulac alipnment, convergence, fusion, grating acuiry
ta L6 eycles per degree, and OKN from wmporal to nasal and nasal 1o temporl were, resprectively,
577116, and 9 weeks for the fullwem and 12, 15, 14, 18, 135 and 16 weeks far the prererm
infants. The mean postmenstrual ages of anse for the cormesponding parameters wore 46, 48, 48,
31, 46, and 50 weeks for fll-weem and 46, $7, 48, 52, 47, and 09 wecks for preterm infancs, The
vnsel of all parmerers was eielier in fullieens infants o in preterm infanes of the same postnatal
Age (P = 00000 However, no differences were found when the paramelers were compared at
postmensirunl ages,

Conctisions, Additional visual expericnce of preterm infanc does not influence development of
vismal aculty or binocular visiun during the first munths of life as measured from the Hme of

conceplion. (freest Opinhedmol Vie Ser, 199940:346-354)

velopment have yielded conllicting results. On ahe one

hand, delays in the development of neurologic functions
are potentially attibuted w ahe incocased valneobilicy: amd
insufficient intrauterine maturation of the premature hein, '™
On the other hand, the fcr dhat some functions develop
sumewhat caelier with ape comected for prematusity in pre-
term infints has been aurbued 10 the advantge of early
additional exrputerine experience during which infints hove
more envirenmental stimulmions and more selfpencraed
movement.*® The ain of our study was 10 conpie the time
framie of development of visual scuity and binoculr vision in
pre- and full-term infants based on the evaluation of sculomo-
tor responses (visudl pucsuil and optokinetlc nystageus
[OKNI} and erthoptic paramecrs (ocular alignment, conver
genee, and fusion),

In healthy infanis, visual acuity increases rapidly within
the first 3 months of [fe, as measured by different metiods
{prefecential looking, visual evoked potemials, and QKNS
There is general agreement that the acuity of 3-momheold

In\'t:s:in:l.:im:s ol the effects of prematury on hoian de-
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infants is approximately 3 gyeles per degree (o), bot esi-
mates vary by 15 much as two octaves for 1laosth-old infanis,
Three pamameters influence the improvement of visual acuity:
the differentiation of the fwea, the myelination of the viseal
pathways, ad the increase in the number of syapses.”

In healiby preenm infims, visual 2ouity measuncd in e
havioral and electrophysiolegleal studics is controversially dis
cussed in the litesiture. Some investgatoss™ 'Y reponed a
similar maturation pactem comparcd with full-teem infines of
the saome postmensine) age, Cihers'" ™" showed accelorned
vistal developnient in preterm infams, which was aitributed w
adilltional visual viperdonce o the prematee pedod. The
reported differences between the preterm and fullierm infants
were small. Yan Hof-van Duin and Mohn'' ohserved a naiean
difference of only (1.3 octave across the comected age range of
1 o 4% weeks, Most reponts suggested than after 1 year of age
the difference is negligible, although there ane o reports of
acuities at wthe lower end of the normal range in previowsly
premature infants a3 to 4 years, 'S

Nowmal hinocular vision reguires onhotropic alignment of
the eyes and binocular mechanisms for convergence and [y
slon. Many studivs of bealthy fulkwerm infans indicate tha
these different aspeets of binoeularity appeoach adult level by
3 to 6 months of age, '™~

In mos studies that have used comeal reflections from 2
fixadon light o evaluate alignment, infants appeared orthe-
trapic within the first few weeks after hinh, 224 However,
in vwo other studies, hoth of which wed the examiner's face as
the fixation targel, infants becpme onhowopic duning the third
and fourth months of [ife, "5

The development of convergence is more complex be
cause convergence is driven by w0 least twio cues: disparine
detecting and accommedative mechanisms, ™ Slater and Find-

Investlgmive Oplithalmalegy & Visual Sceene, Fehnaey 19E, Vil 36k Mo, 2
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tay* and Astin and Jacksen®' found partial convergenee during
the fiest month of life using the corneal reflection wehnigue
assessed by plotography. Convergence spasns are often seen
in infans younger than 2 months of age, and by 5 w4 momhs
of age convergencs 15 accurate and consistent in healthy in-
l’ilﬂl!i.:l-_“ Fa

Previous studics showed that young infanes prefer viewing
binocularly orthogonal grtings that ane scen as rivaleous by
adulis, who have noemal hinoculanity, and that between &oand
16 weeks of age, inBnts prefer fusible gratings, indicating the
onset of seasory binocularity, '™

In newborn infants, OKN measured during monocular
stimulation by clecirocculographic recordings ™ or clinical ob-
servation of the eve movements™ was found o be asymmit-
rical, showing a higher frequency of beats 1o suipes moving
from temporally w nasally than in the opposite direction. This
ASVIMCIRY persists in humans with impained binocular vis
sion Y W fullwerm infants, ORN becomes symmetrical
to steipes moving in bath directions by 3 e 6 months of
lifee, ™% The concurrent onset of binoularity and symmet-
rical OKN has ked o the spoculation that the developmenial
changes in monecular QRN arc linked o the development of
binocularly driven cells in the visoal conex

Lintle infornumion is available about the development of
binocularity in preterm infanes. Results frome ome study™ in
which five pretern infants were tested sugpested Uit the exie
period of visual expercnes appeared to acoelerate the matu
rtion of the OKN compared with that of full-term infants.
However, the incidence of sieabismus in healthy preterm in-
fants is five times higher than in dw general population, ™ and
patients with stcabismus do not develop symmerrical (RN

In the present study, we evalied the development of
these visual pammeters in 2 group of pronkieee infams and
compatred the dat with those from a large number of full-teem
infants,

METHODS

This research lollowed the tenets of the Declamtion of Hel
sinki. Informed consent was obtained from parents afier the
nature and pessible consequences of the study were explained.
The rescarch was approved by the Instimutiondal Human Exper-
imentation Committee of Kamonsspital S1. Gallen.

Paticnts

Two groups of newborn infants were recruited for the soody.
The first group consisted of healthy full-wem infanes (= 87)
wilhh a gestational age ranging feom 38 w42 weeks (mean, 40.1
wireks) and o mean birth weight of 3383 g The second group
consisted of preterm infants of low fisk (0 19 witheut
neurologic or ocubr discases, with a gesttional age ranging
from 31 10 36 weeks (mean, 3355 woeeksy and a bicth weagla
gresiter than 1250 g (mean, 2009 g3 All infants. were home
resred. They woere tested hiweekly beetween 34 and 54 weeks
of postmenstraal age until the in
each of the examined visual functions. At each examination
children were only wested for capabilitics that they had nst
shemwen at carlice examinations. Postmenstral age represents
the afant's sge calcubimed from the dote of the ficst day of the
miither's Bist menstrual period. Examiners were unawan
whether the infunts were born at werm or were premature.

showed the presence of
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Because premature infants were all bom after the Ast post-
moensirual week amd were al low risk, they were not screened
systenatically for rerinopathy of prematarty. However, the
fundus of all infamts was examined during the sudy, usually at
the i of tike last examination at the postmenstrual age of 54
wecks, AUs time, none of the infants showed fundos abaor
nralinics, Simulianeously with fundos examination, 30 minatcs
after instilbion of 0.5% tropicamide and 2.5% phenylepheine
feach drop was applicd twice 5 minutes apar} relinoscopy
wits performed in all infines, We decided prospectively o
exclude infants with cycloplegic refractions ouiside a window
of 0 aud #5 dioptors. This resulted in the exclusion of one
full-term infant who had hyperopia of 8 dieprers. The mean
refraction of full-termy infants was + 2.0 diopers (80, 005 diopt-
ers)oand the mean refraction of preteem infims was +1.%
diapters (S0, 08 diopters). In addition, we decided prospoc-
tively o exclude paticnts demonsiating any oculir pathology,
Seven sdditiomal full-wem infnts and one preterm infnt weee
excluded from the stndy, Twao full-term infanes had ocular
panbobopy: ane had congenitl nysgmus and the other siea
hismus. The ouer six children Chve fulbierm amnd one preterm)
wore excluded due W nencompliance (hey missed three or
AN S NS,

Oenlomedor responses involve both subcortical and corti-
il components and are affected by aeonon. To contral for
auemion we isced soules devetoped by Prechil o grade the
stite of the infanes beluwvior, The infants were examined in
Prechel's state UL calm “awakeness” with opened eyes, al-
sence of large body movenonts, and regalar respications. In-
Gants” mwthers were dsked 0 come g time when their
chiliren appearcd most hkely o be o Prochal's state 11, and
the examiner had the Mexibiliy w spend sufficiem time with
el indant so that o complew examinaion in Prechtl’s state 110
wits pemssibile. Therefore, 98% of the orthopuic cxaminations
aned 4% of the viswl pursuil exanimations were completed.
However, with ORM testing conperition was poorer. Here
only 67 of the examinations were completed.

Onhoptic and Ophthalmologic Examinations

The orthoptic examination (peeformed by orthoptists) in-
cluded ogular alignment, convergence, and fusion. At cach
exsminAtien time fwo onthoplic examinations wene aemped,
Every child woas examined at least once in Prechtl’s stue 11 IF
we conld non examine an alert child, the mother was asked 1o
wail or o return when the infant was again in Prechitl’s suiate
. Therefore, on cach child all the cxaminalions were per-
formed at least once under optimal conditions. Because inat-
tention of infants may negatively inlluence the results, the
“hetter result” of the two examinaions was taken for data
analysis. The better result consisted of ocular alignment as
appesedd o strabismus, full convergenee companed with first
sign or ghsent convergenoe, Arst sign of convergenes versas
absem convergeng, and present fusion compared with absent
fusion. Two examinations were completed for fullweem infants
in T TR GEN. S9N and s and for preterm infants in
Topw, TAN 6%, PG, and % ab the ive consecutive cxami-
mations, respectively, These differences were non stcstically
siggiiticant for the twa groyps, The difference mthe ime of the
last examination results from the sondl sember of Children
(nine full-teem infines and only one peetcem infant, whio did
ol complowe the last examination) who had dor resched
matturay i all onthoptic examimations focalar alignment, full
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convergence, and preseal fusion) at an carller examination
date.

Gimlar alignment was measured by the Hirschberg or
cover lesis, or both. We only analyzed manifest ocnlar devia:
Hons: phorias were not evaluned. During the Hinghberg test
an illuminated toy was jigpled ot a distance of 1 m from e
infant’s face tor triggee altention and fixation while the posi-
tinns of the corneal light reflections were ohserved. & conver
sion for the Hirschberg test of X0 prisms/mm was used, ™
Because of the infant’s large angle kappa (4°= 10%), we consid-
ered decentered comneal reflections to indicate exotropia only
when they were more than midway from pupillary cemer o
resal pupillary margin **

Convergence was teseed by ausacting the infam's fixation
with an illnminated toy at a distance of .5 m. The ty was then
meved slowly toward the infant’s face while the examiner
ohserved the Infant's eyes. Convergence was classificd as abe
sent, fisst sign of convergence Cany bilmerl adduction?, and
full convergence (binocular adduction to 12 om from the face).

Binocular fusion was measurcd by the four prism base ow
test. After attracting the infant's fixadon with an Hluminated
wy, the prism was placed base om in front of cach cye,
Binocular vision was considercd 1o be present when a conver-
Renl o¥e movement was observed with or withow a preceding
saccadic vye movement. Binocular vision was judged 10 be
absemt when no eye movernent or only a saceadic Ve Move-
ment was nhserved. Although the four prism base out st may
show atypical responses in certain subjects,™ it is fast and
simple and therefore was uselul in this infant study.

A complete ophthalmologic examination {performed by
oplithalmaologisis) including fundus examination and retinos.-
copy was perfornied on cach infant. Anterior segments and
fundi were normal in all children.

Infrared Eye Movement Recordings

The eve movements were recorded by a comeal reflection
tracker, ™" which consisted of a cathode rmy twhe in which
simuli for visual pursodt snd OKN were generated. The infant
was placed My em in fron of the sereen, While the infint was
loaking at different stimuli, infrared light was direcwed w the
infant’s right cye, and the cve movemenes were recorded Iyy an
infrarcd-sensitive camer. Infrarcd sonrce and camiers were
installed vver the infant’s head, and infrared light was reflected
by & hext mirror positiened in the center of a cathode ray wibe
and dirccted to the infants eve. Analysis of the eye movenients
is based on the measurement of the relative position of the
reflevied image of the infrared source on the cornea and Pupil
venler,

Grating Acuity

Graring acuity was mexsored by pursuit eve movement fecond-
ings. The stimulus was a square of 9.4° of visval angle on a gray
surface of cqual luminance, It consisted of REAings moving
along a horizontal axis aca constant velocity of 7.5 degrees per
seeond. W tested five different spatial frequencies: Q.1 0.2,
4, OB, and L6 cpd. Pupuit eve movements were evoked
binacularly and were reconded from the right eye. Afier alirc.
ing the infant’s attention with a flashing light 10 the screen, a
grating was presenied for 38 seconds. 7 the inital Erating
clicited a pursuit response, the spatial frequency of the stima-
lus was increased, stherwise it was decreased. The criterion
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for presence of the grating acuity for 3 certain stimulus was if
the infant fellowed this stimulus by saceadic or smooth pursuit
at least once aver the entife sereen (6.2 secomds),

Oprokinetic Nystagmus

The stimulus was 3 vertical grating of 0.5 ¢pd covering a visual
fichd of 56 % 42° and moving along a horizonial axis a1 a
constant velucity of 30 degrees per second, OKN was evoked
monoeculady from the right eye by covering the left eye with an
onhaptic patch and was recorded during Uhe presentation of
stripes moving temporally w nasally and in the opposite dirce-
tion. OKN was considercd present if the typical pattern of slow
and fast phase nystagmus was shown in correlation with the
displacement of the stimulus, OKN cxaminations were come
pleted in full-lerm infants in 48%. 44%, 67%, 77%. and 82% and
in prelerm infants in 25%, S0%, S6%, 63%, and §7% ai the five
examination times, respectively.

Seatistical Evaluation

Data were analyzed by survival analysis using the tinve af onsci
for cach parameter and for each infant as variables. Thus, the
plotted ewrves on the figures represent the percentage of
subjects showing onsel of cach visual function at cach ape.
Two estimators for the percentage of infants showing the onsey
of the parameter of interest up 10 2 cenain tme were used,
They were the nonparamerric Kaplan-Meler estimator and the
log-logistic fitting. The loglogistic funclion was preferred o
other link functions Because it fits the Kaplan-Meler curves
best. To compare the parameters of the two groups of infants
we used the log mnk test.

REsULTS

Berween the 44th and 46th weeks of postmenstrual age, 60% of
the infanls were onhotropic, 36% were exotropic. and 4%
were esotropic, The mcan posinatal age (519 of anset of ocular
alignment was 5 (0.2 weeks for fullterm and 12 (0.6 weeks
for preierm infants. The mean postmenstrual age of onset of
ocular alipnment was 46 (0.2) weeks for fullwerm and 46 (1%}
weeks for preterm infanis. The percentage of infams showing
arthotropia at Jifferent ages is platied in Figure 1A for postna:
1l ages and Figure 1B for postmenstrual ages, The onset of
ogular alignmient was ,-Hgnllic:lmly carlicr (P = 00001} in
full-ierm infanis camparcd with preterm infums of the same
posinatal ages. However, no sttistically signilicant differeace
wits found when posimensirual ages were compared (2 =
LIECHE

The mean (1)) postnatal age of onset of the firs1 signs of
convergenoe was 5 (0.2} wecks for fulllerm and 11 (0.5)
weeks for pretermy infants. Full convergence occumed m 7
{3 woeks posinatally for full-term infanos and ac 13 (0.4
wecks postnatally for preterm infants. The mean (51)) postmen-
sinzl age of onset of first signs of convergence was 45.0 (0.2)
wecks for Tulbwerm, and 45 (0.4) weeks for preterm infants,
Full convergence occurred at 48 (0.3) weeks postmenstrually
Tor fullterm infants and at 47 (0.4) weeks postmenstrually for
pretem infants. The percentages of infants showing firs signs
and full convergence at different ages are shown in Figure 2.
The enset of convergence {fimt signs and full convergence)
wis significantly cardicr (P = 0001} in full-term infants come
pared with preterm infants of the same postnatal ages. How-
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Faame 1. Kaplin-Meicr curves and log=logistic iiting of perceniages

of preverm and full-term infams showing nnhmmp'u at hifferent post:
natal (AY and postmenstrual (B) ages

ever, no statistically significant differences were found when
postmenstrual ages were considercd (F = 0.76 first signs and P
= {112 for full convergence).

The mean (SD) posinatal age of onsct of fusion was 7 (0.3)
weeks for full-term infants and 14 (0.4) weeks for preterm
infanis. The mean (SIN postmenstrual age of onset of fusion
was 48 (0.3) wecks for fullterm infants and 48 (0.4 weeks for
preterm infanis. We plotted the percentage of infants showing
fusion at different ages in Figure 3. The onset of fusion was
significantly earier (F = 0.0001) in fullterm infants compared
with preterm infants based on postnatal ages. However, based
on posimenstrual ages no statistically significant difference was
found (F = 0.80),

The mean (S0 postnatal ages of onsct of visual pursuit 10
stimuli of 0.1, 0.2, 0.4, 0.8, and 1.6 cpd were. respectively, 5
(02, 5 (0L2y, 5 (0.2) 8 (0.2), and 11 (0.3) weeks for fullterm
infants and 11 (0.5), 12 (0.4), 120 ¢0.5), 15 (0.6), and 180
(0.8 weeks for prewerm infanis. The mean (51) posimenstrual
ages of onsey of visual pursuit w the above stimuli were,
respectively, 46 (0.2), 45 (0.2, 4% (0.2), 48 (0.2), and 51 (0.3)
wecks for fulltemm infants, and 45 (0.3), 45 (0.4), 46 (0.3), 48
(0.5), and 52 (0.7) weeks for preterm infants, The percentages
of infants showing visual pursuil 1o the various stimuli a1
dilferent ages are represented in Figure 4, The times of onsct of
visual pursuit for all stimuli between 01 and 1O opd were
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significantly earlier for all stimuli (F = 000013 in fullterm
infants than in preterm infants based on postnaal ages. How-
ever. no differences were found when postmenstrual ages
wiere compared (F = 0,56, 0,93, 0,99, 0,65, and 0,90 for stimuli
in increasing opxd as above),

The mean (S0} postnatal ages of onset of OKN were 6
(0.3) weeks for full-term and 13 (0.6) weeks for preterm infants
when stripes moved from temporal o masal and 9 (0.4) weeks
for fullterm and 16 (0.6) weeks for preterm infants when
stripes moved in the opposite direction, The mean (51)) post-
mensirual ages of onset of the OKN werne 46 (0 3) weeks for
fullrerm infants and 47 (0.5) weeks for preterm infants when
stripes moved from temporal to nasal and 50 (0 %) wecks for
fulk-term infants and 49 (060 wecks for preterm infants when
stripes moved in the opposite direction. The percentage of
infants showing OKN to stripes moving in e two directions
are shewn in Figure 5 The onset of QRN in cither direction
was significantly eardicr (F = 00001 in full-term infants than in
prowerm infants of the same postnanal age. Howoever, mo statis-
tically significant differences were found when postmenstrual
ages wene compared (F = (061 for temponal o nasal and P =
.74 for nasal 10 temporal)
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Discussion

The present study demonsienes that all paramaters reflecting
visual acuity and binocular functions that we investigated show
anset At similar ages in preterm and full-term infants when the
companson is based on age from conception.

These results indicate thar ar least with respect 1o visual
functions, prematurity and the associated additional visual ex-
perience do not appear w confer a developmenial advantage,
However. our data only apply to low-risk preterm infants.
Preterm infants bom at gestational ages less than 41 weeks or
with perinatal complications may show a different visual de-
velopmem. With our methods we could not confirm other
studies'""* suggesting an accelerated development of grating
acuity. We are in agreement with studies showing no differ-
ences between grating acuity of low-risk preterm and fullterm
infants.™ " With regard to parameters of binocular vision, little
was known about the influence of prematurity. To our knowl-
cdge, our presemt study is the first one o analyee parameters
reflecting binocular vision in preterm infants compared with
fullterm infamts. We could not document an aceeleration of
the development of ocular alignment, fusion, and CONVETRence
in premature infants. In cantrast to Roy et al™ who analyzed
the gain (ratio of the velocity of the fast phase of the OKN and
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of the stimulus) of the OKN (another indicator of hinocularity),
we could not find differences in the QKN development be-
tween preterm and fullterm infants, However, our evaluation
was based on the onset of OKN and not on the gain

Qur results indicate that at Icast in the first 3 months of
life, clinical examinations of prematrely bom infants should
be adjusted for the date of conception. Investigations of several
developmental milestones™ showed that correction for pre-
term birth should be applicd during the first vear of life
However, at 2 vears of age the developmental milestones®! of
the premaure children were cqual to or better than those of
children born at term. With regard fo visual function, the
resulls of comparisons between premature and fullterm chil-
dren during the first year of life ' * * are inconclusive. Further
studics investigating visual function at later ages than in our
stuedy would be interesting

The large number of fullterm infants we evaluated offered
the opporunity o investigaie the normal visual development
in the first 3 months of life and to compare them 1o the results
of other studics. Beeause mean refractive values of normal
neanates were found to be hyperopic,*? we decided prospee.
tively to exclude infants with cycloplegic refractions outside of
a window of 0 and +5 diopters. In this study we used tropic-
amide for cycloplegia. The oycloplegic effect of this drug is
known tw be only minimally less than cyclopentolate,**

We demonstrated that ocular alignment based on obser
vations of comeal reflections of a fixation light occurred in
fulbterm infams at a mean age of 5 1o 6 weeks after binh, Our
results are in agreement with several other studies in which the
sanie examination technique was used *'* Archer et 21"
investigated a large group of infants with the Hirschbeng rest
and found the occurrence of onhotropia later than in our
sy, They found that approximately 50% of the infants were
onhotropic at 2 months of age. whereas in our study ar 2
manths of age almost 1% were orthotropic. Differences may
be explained by the difficulty in measuring ocular alignment
with the Hirschberg test in children. In addition, we examined
mast children twice, and the “beter result” (consisting of
ocular alignment as opposed to strabismus) of the two exam-
inations was taken for data analysis. This could also cxplain the
carlier development of orthotropia in our study. In agreement
with results of Archer ot al.' we found that most of the
<hildren were exotropic or onhotropic at 4 weeks of age.
Therefore, a convergent squint at this age should raise a high
suspicion of pathology and prompt close follow.up examina.
Lo,

We showed the first signs of convergence at 2 mean
postnatal age of 4.8 weeks and of full convergence at 2 mean
postnatal age of 7.4 weeks in fullterm infants, These findings
are in agreement with previous stadies, *" 2244 ** which found
systematic and reliable changes in convergence and accommis
dation 10 be present after 6 to 8 weeks postnatally. Thom el
al.#* on the other hand, found the onsct of full convergence at
alater age (13.7 weeks), Because Aslin®' showed that stimulus
velocity influences convergence capability, dilferences in the
velocity of the target approaching the infant’s face may explain
the different results,

Although the four prism base out test can be difficult 1o
perform in infants, in our experience it was shown to have a
ol test-retest reliability and repraducibility when performed
by experienced examiners, We found 3 mean age of onsct of
fusion to be a1 7.5 wecks after birth in fullterm infants. In
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infanis) ages.

agreement with previous studics, -7 we found the onset
of fuslon at an age similar to that of full convergence. However,
we found the onset of convergence and fusion at an carlicr age
than the abovememioned swwdies, in which investigators
found a mean age of onser of lusion ac 13.7 weeks of age. These
differences may be explined by methodical dilferences. Fu-
sion was investigated in those studies by preferentially leoking
for fusibile versus rivalrous gratings and in oure stedy by Lie Tour
prism basc out test, In addition, in our study we evaluated data
that were the better result of two orthoptic examinations.
We demonstrated that visual acuity of 1.6 cpd measured
by pursult eye movement recondings is rcached ar a mean
posmnaral age of 11.2 weeks in fllterm infanes. Based on
pursull cye movement recordings, our results show a lower
prating acuity than the average agernatched values measoned
with the preferential leoking weehnique.” '™ This may be be-
cause of methodical differences. Yisual pursuit was only con-
sidered present if the infant followed the stimulus fer at least
6.2 seconds However, no defined Hxation time is required in
the preferential looking technigque. In addition, pursubl cye
movements involve an aculomotor response that may be con-
trolled au a different cortical level than preferential looking.
Anather method used o assess visual acuity in infnts involving
the crulomolor sysiem is the determination of OKN eye move-

ments, Although with this medhod stimuoli-relared vardations are
found,* results are ina comparable range 1o those foud in our
stndy with pursuit eye movements,

The cxamination of the OKN confirmed the known asym-
metry of monocularclicited OKN in infants younger than 3
months of age, appearing earlier in the temporonasal dircction,
Most studies showed the OKN o become symmetrical at ap-
proximately 3 months of age.**** We found the mean onset of
ORN il stimuli moved from nasal o tempoal only ar the
beginning of the thind month of age (mean posmaal age in
fullterm infants: 9.3 weeks). In the infants tested with OKN
until 14 weeks of age, we observed still an obvious difference
berween the OKN response to stimuli from nasal o wmporal
direction and response o stimuli from emporal o nasal direc
tion. With our method, the appearance of OKN and of OKN
symmetry seems to be Jater than reported in the liwamee >
This may be becanse of the Gt that we used a smaller stimue
latlon ficld, whereas full feld stimulation was used in the
swadles above,

In conclusion, onr results indicate that the development of
parameters reflecting visual acuity and binocular vision is sin
ilar in healthy preterm and fillterm infanis, when infants of
the same postmenstrusl age are compared. Normative daw
obtained for fullterm infants are an approprate stndard also
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FrGumr 5. Kaplan-Meier curves and log-Togastic fitling of percentages
of preteem and fulltcrm infants showing OKN 1o stripes moving in
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for preverm infants as long as the preterm infant's comected
Age is used for comparison in the first months of life, Cur
results contradict the hypothesis thn early visual expericnce
gained by pretenm infants positively influences the develop-
ment of visual acuity or binocular functions.
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