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Abstract

Periventricular leukomalacia is a risk factor for visual impairment in children born prematurely. The
impact of diffuse white matter injury detected on magnetic resonance imaging (MRI) on early visual
function is unknown. We developed two five-point visual gaze scores to analyze the association
between this clinical assessment and white matter injury in 93 premature neonates less than 34 weeks
gestational age at birth. Older gestational age was associated with higher values of the two gaze
scores. Infants with moderate/severe white matter injury had lower scores than their peers without
white matter injury (0.41 points, 95% CI 0.13 to 0.69 for visual fixation score and 0.70 points, 95%
C10.30to 1.10 for conjugate score, p < 0.005). Using the results from both scales, a score of nine or
higher in an infant > 36 weeks gestation predicted normal white matter on magnetic resonance
examination with a sensitivity of 84% and a specificity of 100%. These preliminary findings suggest
that white matter injury impacts visual function even prior to term corrected gestational age.
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Introduction

Infants born prematurely have an increased prevalence of visual impairment and oculomotor
dysfunction [1-4]. Adverse visual outcome after premature birth is related not only to
ophthalmologic defects following retinopathy of prematurity, but also to lesions of the posterior
visual pathways. Intraventricular hemorrhage and white matter injury detected on neonatal
ultrasound or on conventional magnetic resonance imaging (MRI) are associated with impaired

Corresponding author: Steven P. Miller MDCM MAS FRCPC University of British Columbia BC Children's Hospital Division of
Neurology, K3-180 4480 Oak St. Vancouver BC V6H 3V4 Canada Telephone: (604) 875—2345 ext 5948 Fax: (604) 875—-2285 E-mail:
MillerSt@neuropeds.ucsf.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Glass et al.

Methods
Subjects

Page 2

visual outcome [5-8]. The impact of visual impairment is considerable; recent studies suggest
poorer motor and cognitive performances in children with adverse ophthalmologic outcomes,
even after adjusting for possible confounders such as birthweight, sex, ultrasound findings and
socioeconomic class [9,10].

Premature infants have rapid changes in their visual acuity, pattern preference and ability to
fix and follow between the time of birth and term equivalent corrected gestational age. These
changes occur in a predictable pattern in healthy premature infants that matures according to
postconceptual age and is similar to term-born infants by 36 and 40 weeks corrected gestational
age [11-14].

Past studies have focused on the relationship between periventricular leukomalacia and its
effect on visual outcome, with the most significant impairment seen in infants with cyctic
periventricular leukomalacia [15]. The incidence of cystic periventricular leukomalacia has
declined significantly, and noncystic white matter injury detected on MRI is now the prevailing
central nervous system lesion seen in infants born prematurely [16,17]. The relationship
between this less severe form of white matter injury and visual outcomes is unclear, though
recent studies using MRI in the early neonatal period show that moderate to severe noncystic
white matter injury is associated with increased risk of neurodevelopmental and neurosensory
impairment (hearing or vision) when children are assessed at 18—24 months of age [18,19].

There are no studies assessing the association between white matter injury detected by MRI in
the neonatal period and early visual examination in infants born prematurely. We developed a
two-part visual examination based on the known patterns of gaze maturation in premature
infants to test the hypothesis that moderate or severe white matter injury has an impact on
vision even before term corrected gestational age.

We examined infants born between June 2001 and April 2005 and consecutively enrolled into
a larger prospective study of the value of MRI for prediction of neurodevelopmental outcome
in children born before 34 weeks gestation[20]. Infants with congenital infection, inborn error
of metabolism or malformation were excluded from the larger study. Newborns with
retinopathy of prematurity (ROP) grade Il plus or higher were excluded to avoid confounding
due to anterior visual deficits. Infants with intraventricular hemorrhage (IVH) grade Il or IV
(periventricular hemorrhagic infarct) were excluded in order to isolate the effect of diffuse
white matter injury on visual system development. The Institutional Committee on Human
Research at UCSF approved the protocol. Infants were studied after voluntary informed
parental consent.

Clinical Data Collection

Clinical data were extracted prospectively from maternal and infant medical records by a team
of trained neonatal research nurses. The research nurses recorded a given diagnosis based on
the treating physician assessment as stated in the medical records. Perinatal variables included
gestational age at birth, birthweight and maternal chorioamnionitis. Postnatal variables
included patent ductus arteriosis, necrotizing enterocolitis and chronic lung disease.

Gaze Examination

We developed two clinical gaze scores based on patterns of eye movement development in
premature infants[21]. A child neurologist (SPM) examined all patients within 24 hours of the
MRI. The examiner was blinded to the results of the MRI scan. The first score measured visual
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fixation: 1) no fixation with random eye movements, 2) transient fixation with random eye
movements, 3) stable fixation with rare following but no smooth pursuit, 4) stable fixation with
incomplete following, 5) stable fixation with complete following. The second score measured
the amount of time that eye movements were conjugate: 1) 25% conjugate, 2) 50%, 3) 75—85%,
4) 85 to 95%, 5) >95%. Infants were examined only during a state of wakefulness (eyes
spontaneously open and with gross motor movements of the extremities). The examiner
observed eye movements for a minimum of two consecutive minutes. Inter-rater reliability
between examiners trained to perform the scoring was high, with unweighted kappa values of
0.86 for the early gaze exams (n=22) and 1.00 for the near term exam (n=7) when observers
scored infants over the same two minutes.

Infants were evaluated with one or more MRI scans according to protocol. All scans were
performed on a 1.5-T Signa EchoSpeed system (GE Medical Systems) using an isolette
designed for this study. MR findings were graded using a validated score[20]. White matter
was considered “normal” if there were no periventricular white matter abnormalities,
“minimal” WMI for three or fewer areas of T1 signal abnormality each less than 2 mm,
“moderate” for more than three areas of T1 signal abnormality or these areas measured more
than 2 mm but less than 5% of the hemisphere was involved, and “severe” if more than 5% of
the hemisphere was affected. The “moderate” and “severe” groups were combined to improve
the power of the statistical analysis. Two pediatric neuroradiologists who were blinded to the
clinical condition independently interpreted the MRIs (Kappa = 0.84). Discrepancies were
resolved by consensus.

Data Analysis

Results

Statistical analysis was performed using Stata 9.2 software (Stata Corp., College Station,
Texas). ANOVA was used for continuous variables and chi square or Fisher exact tests were
used for categorical variables. The relationship between age, gaze scores and WMI groups was
assessed using generalized estimating equations for repeated measures and receiver operating
curves (ROC)[22]. A p-value less than 0.05 was considered statistically significant.

One hundred and eight premature infants had one or more gaze examinations over the study
period. Fifteen subjects were excluded from the analysis for ROP grade Il or higher (seven
infants), IVVH grade 111 or IV (five infants), or either no or poor quality MRI (three infants).

The ninety-three included infants had 126 gaze examinations performed within 24 hours of
neuroimaging. The age at MRI and gaze examination was approximately normally distributed
with at mean of 34.1 weeks corrected gestational age (standard deviation 3.0, range 27.9 to
42.4 weeks). Four infants were 30 weeks corrected gestational age or less, 95 were between
30 and 36 weeks and 27 were greater than 27 weeks at the time of the examination. Forty-three
newborns (46.2%) did not have white matter injury, while 26 (28.0%) had mild injury and 24
(25.8%) had moderate or severe white matter injury. Clinical characteristics including sex,
gestational age, birth weight, maternal chorioamnionitis, patent ductus arteriosis, necrotizing
enterocolitis and chronic lung disease did not differ between the groups (Table 1).

Gaze scores improve with increasing corrected gestational age

In an unadjusted analysis of the entire cohort, older gestational age was associated with higher
values of the visual fixation score (0.26 points/week; 95% ClI, 0.22 to 0.30, p < 0.0005) and
the conjugate score (0.24 points/week; 95% CI 0.19 to 0.28, p < 0.0005, Figure 1). The
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gestational age accounted for 55% and 43% of the variability in the visual fixation and
conjugate scores respectively.

Infants with white matter injury have lower gaze scores

Infants with white matter injury had lower visual fixation and conjugate scores than their peers
without injury (Figure 2). The difference in scores between infants with mild and no white
matter injury was not statistically significant. However, infants with moderate/severe white
matter injury had significantly lower gaze scores than infants without white matter injury. For
visual fixation, infants with moderate/severe white matter injury had a score that was, on
average, 0.41 points lower (95% CI 0.13 to 0.69, p = 0.005) than that of their peers without
injury. Similarly, for conjugate gaze, infants with moderate/severe injury had a score that was,
on average, 0.70 points lower (95% CI 0.30 to 1.10, p = 0.001) than that of their peers without
white matter injury.

Not only did infants with moderate/severe white matter injury have lower scores than infants
without white matter injury, these infants also failed to achieve maximal scores. None of the
24 infants with moderate/severe white matter injury achieved the maximal score for visual
fixation. Only a single infant achieved the maximal score for the conjugate gaze exam.

According to the linear model, the average predicted age at which infants without white matter
injury should achieve a visual fixation score of 5 is 40.2 weeks (95% CI 38.9 to 41.4 weeks),
whereas infants with moderate/severe injury are predicted to have a score of 5 at only 41.8
weeks (95% CI 40.1 to 43.5, p < 0.0005). Similarly, infants without injury are predicted to
have a conjugate score of 5 at 39.9 weeks (95% CI 38.7 to 41.1 weeks), whereas infants with
moderate/severe injury, only at 43.0 weeks (95% CI 40.7 to 45.4, p < 0.0005). The gaze scores
increased at a similar rate for different degrees of white matter injury.

[O]Sensitivity and specificity of the gaze examination

Using the results from the 27 examinations performed at greater than or equal to 36 weeks
corrected gestational age, combined visual fixation and conjugate gaze scores were predictive
of normal white matter on MRI (Figure 3). Using a combined score of nine or higher, the
sensitivity was 84% and specificity was 100%.

Discussion

We developed a clinical gaze assessment (visual fixation and conjugate scores) that is based
on the patterns of visual fixation and conjugate eye movement maturation seen in healthy
premature infants [21]. We used these scores to quantify visual development and assess the
impact of MRI-detected white matter injury in a cohort of 93 infants born at 34 weeks
gestational age or less. Both the visual fixation and conjugate gaze scores increased reliably
with increasing corrected gestational age (p < 0.0005), indicating that they measure an aspect
of visual system maturation. Infants with white matter injury had lower gaze scores, and infants
with moderate/severe injury were more impaired than those with mild injury (P = 0.0001).
When combined, the high scores provided a good sensitivity and specificity for predicting a
normal MRI in infants over 36 weeks corrected gestational age.

These preliminary findings suggest that there is an association between white matter injury
detected on conventional T1-weighted imaging and early gaze maturation in premature infants.
It is unclear whether the dysfunction seen in infants with moderate/severe white matter disease
is due to direct injury to the optic radiations, or whether injury to other structures impairs
alertness and attention in these infants, which would tend to reduce fixation and conjugate eye
movements. Alternatively, the white matter injury may be a marker for injury to other visual
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system structures (such as the lateral geniculate body, calcarine cortex or visual association
cortex) involved in cerebral visual impairment. We excluded infants with clinically significant
retinopathy of prematurity, therefore confounding due to visual loss by retinopathy is no a
factor. Finally, the association between white matter injury and gaze examination could also
be related to an unmeasured confounder, such as medication or infection.

This association between gaze and MRI-detected white matter injury is in keeping with past
studies that show a relationship between visual abnormalities and white matter-injury in
premature infants. Several studies show that visual evoked potentials performed prior to term
adjusted age may be absent or abnormal in premature infants with cystic periventricular
leukomalacia [5,23-25]. Furthermore, there is a strong association between periventricular
leukomalacia detected by ultrasound or MRI and childhood visual and oculomotor
abnormalities (reviewed in [7]). Finally, children with periventricular leukomalacia have high
rates of visual-perceptual impairment [26,27]. Shah et al recently showed a relationship
between early neuroimaging and later visual outcome. In a cohort of 68 children born at less
than 33 weeks gestational age, those with specific oculomotor abnormalities such as impaired
saccades at age two years had reduced volume in the inferior occipital brain region on MRI
performed at term equivalent corrected gestational age [28].

The small number of infants examined over a wide range of gestational ages limits our ability
to suggest normative scores that could be applied in the intensive care nursery. Further studies
will be necessary to verify the results and apply them to a wider group of infants to develop
normal expected values at each gestational age. However, when we looked at infants greater
than 36 weeks gestational age, a perfect or near perfect score (nine or higher on the combined
score) predicted children with normal MRI scan (no or mild white matter injury) with good
sensitivity and specificity. The gaze examinations assess a spectrum of visual and higher order
tasks, including afferent vision, supranuclear and nuclear oculomotor control, as well as
attention and maintenance of an awake state. Infant state significantly affects eye movements,
with a tendency toward dysconjugate gaze in somnolent infants. In this study, we avoided
confounding due to infant state as much as possible by examining the children only when they
were awake, with spontaneous eye-opening and limb movement. Examining a premature infant
while fully awake can be a challenge, and, in several cases, we required several trips to the
bedside to ensure that the child could be appropriately examined.

The gaze scores provide a simple, quick and informative bedside tool that can be added to the
neurological assessment of the premature infant. Lower gaze scores in infants with moderate/
severe white matter injury suggest that these lesions can have influence neurodevelopment as
early as the neonatal period and prior to term corrected gestational age. The impact of the
differences seen on gaze examination is unknown. Past studies suggest that an infant's ability
to fix and follow predicts good neurodevelpmental outcome, while absence of fixation and
following is not predictive [11]. This historical information, combined with the good sensitivity
and specificity of the combined visual fixation and conjugate gaze scores for normal MRI
suggests that premature infants with fixation, following and conjugate eye movements are at
lower risk for adverse neurodevelopmental outcome. Careful longitudinal follow-up of this
cohort will be necessary to further assess the clinical utility of the gaze examination in
predicting later neurodevelopment.
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Figure 1.
Visual fixation (top) and conjugate (bottom) gaze scores in 93 infants with and without white
matter injury. Gaze scores are higher in infants with older corrected gestational age.
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Change In Visual Fixation Score With White Matter Injury
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Figure 2.
Change in visual fixation (top) and conjugate (bottom) scores with gestational age according
to a fitted linear model. Infants with white matter injury have lower predicted gaze scores.
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ROC Curve for Infants = 36 Weeks Postmenstrual Age at Exam
No/Mild WMI vs Moderate/Severe WMI

T
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Area under ROC curve = 0.9000
Figure 3.
ROC curve for combined visual fixation and conjugate gaze scores and normal magnetic

resonance imaging in 27 infants greater than 36 weeks corrected gestational age at the time of
examination.
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Degree of White Matter Injury

Moderate/Severe

None (n=43) Mild (n=26) p
(n=24)

Gestational age at birth (weeks) 28.6 28.7 28.7 >0.9
Birth weight (grams) 11715 1076.2 1069.9 >0.9
Male (%) 55.8 385 70.8 0.07
Complications (N, %)

Chorioamnionitis 6 (14.0) 1(3.9) 0 0.08
Patent ductus arteriosus 17 (39.5) 8(30.8) 6 (25.0) 0.5
Necrotizing enterocolitis 6 (14.0) 2(1.7) 0 0.2
Chronic lung disease 7(16.3) 9 (34.6) 5 (20.8) 0.3

*
ANOVA for continuous variables and chi square or Fisher exact tests for dichotomous and ordinal variables
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