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Abstract

Purpose—To report retinal findings for healthy newborn infants imaged with hand held Spectral
Domain Optical Coherence Tomography (SD-OCT).

Design—Prospective observational case series.

Methods—Thirty-nine full term newborn infants had dilated retinal examinations by indirect
ophthalmoscopy and retinal imaging by handheld SD-OCT, without sedation, at the Duke Birthing
Center.

Results—Of the 39 infants imaged, 44% (17/39) were male. Race/ethnicity composition was
56% white, 38% black, 3% Asian, and 3% Hispanic. Median gestational age was 39 weeks (range
36 to 41). Six of the 39 infants (15%) had bilateral subfoveal fluid on SD-OCT not seen by
indirect ophthalmoscopy. Eight infants (21%) had retinal hemorrhages noted on dilated retinal
examination, 1 of which had subretinal fluid on SD-OCT. Subretinal fluid was noted on follow up
examination to have resolved on SD-OCT 1 to 4 months later. Infants with bilateral subretinal
fluid had an older gestational age compared to infants without subretinal fluid (median 40.4 vs.
39.1 weeks, respectively, P=0.03) and were more likely to have had mothers with diabetes (2/6 vs.
0/33, respectively, P=0.02). Vaginal versus C-section delivery was not significantly different
between the two groups.

Conclusions—Some healthy full term infants have bilateral subfoveal fluid not obvious on
dilated retinal examination. This fluid resolves within several months. The visual significance of
this finding is unknown, but clinicians should be aware it is common when evaluating newborn
infants for retinal pathology using SD-OCT.
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Introduction

Spectral domain optical coherence tomography (SD-OCT) provides reproducible retinal
morphology and cross-sectional tissue measurements /n7 vivo in a rapid, non-invasive, non-
contact manner.1 Hand-held OCT is well tolerated by children and infants, and is more
sensitive than clinical examination in detecting macular pathology. 23

OCT has been used to identify clinically important retinal pathologies in premature infants,
including retinoschisis,*-6 foveal hypoplasia,® 7 intraretinal cysts,® 8 preretinal
neovascularization, 9 and retinal detachment.> 10 Macular holes,!! hemorrhagic
retinoschisis, 12 13 vitreoretinal traction and epiretinal membranes!!: 12 were identified in
Shaken Baby Syndrome using OCT, and in some cases influenced surgical management.
Hand-held SD-OCT was also valuable in characterizing foveal hypoplasia in the eyes of
infants with ocular and oculocutaneous albinism# 1> and in neonates with systemic diseases
such as liver failure.16 While hand-held SD-OCT may be performed during examination
under anesthesia, anesthesia is not necessary to obtain useful images in infants and
cooperative children.2

Establishing a normative database of SD-OCT findings in healthy full term newborn infants
is an important prerequisite for the proper diagnosis of retinal pathology using SD-OCT in
this population. We are not aware of any report on SD-OCT imaging of healthy full term
neonates to date (PubMed Mesh search terms: Optical coherence tomography AND Infant).
In this study, a cohort of healthy full term infants was examined by hand-held SD-OCT and
indirect ophthalmoscopy shortly after birth.

Subjects and Methods

Subjects

Procedures

Thirty-nine healthy full term infants were included in a prospective observational study. The
study involved dilated retinal examination by indirect ophthalmoscopy and retinal imaging
by hand-held SD-OCT, without sedation, at the Duke Birthing Center between August 2010
and October 2010. Infants’ and mothers’ medical records were reviewed for health history,
delivery history, pregnancy history, gestational age of the infant at birth based on
reconciliation of menstrual and ultrasound dating criteria, birthweight, and maternal age at
the time of delivery. Infants were eligible for the study if they were born at 36 weeks
gestation or later and did not have known systemic disease. If ocular abnormalities were
identified in the original eye examination, parents were offered a repeat examination
monthly until the findings resolved.

All infants had both eyes dilated by instillation of one drop of cyclomydril (phenylephrine
hydrochloride 1% and cyclopentolate 0.2%), or cyclopentolate 0.5% and phenylephrine
2.5% were given to those infants with darkly pigmented irides. Following pupillary dilation,
a pediatric ophthalmologist (MTC or SFF) performed a clinical examination including
indirect ophthalmoscopy with a 28-Diopter lens and without an eyelid speculum.

A portable hand-held SD-OCT unit (Bioptigen Inc., Research Triangle Park, North
Carolina) was used to image both eyes of all subjects following the age-customized method
for SD-OCT in infants described by Maldonado et al?, which allows imaging without
sedation or a lid speculum. With this approach, multiple series of double-volumetric 800 A-
scans x 80 B-scans centered on the optic nerve or fovea, measuring approximately 7 x 7
mm, were captured. Among the first 7 subjects, 2 infants were noted to have the unexpected
finding of bilateral subretinal fluid at the foveal center. Because the clinician was aware of
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the SD-OCT results, diagnosis using indirect ophthalmoscopy during the clinical
examination of these 7 subjects was influenced by this knowledge. Starting with subject #8,
all infants were examined first with indirect ophthalmoscopy and then with SD-OCT to
mask the clinician from the SD-OCT results. A study investigator later graded the images
without knowledge of the indirect ophthalmoscopy results. The eyes of 14 infants were
identified to have abnormal findings either by SD-OCT or indirect ophthalmoscopy, and
these subjects were therefore offered a repeat examination in the clinic approximately 1
month later, including repeat SD-OCT imaging. Those infants with persistent pathology on
either the dilated retinal examination or SD-OCT were asked to return monthly until the
abnormality resolved. Infants who were examined at 3 months of age or older underwent the
preferential-looking testl” for an assessment of visual function, performed by a masked
trained orthoptist with age-matched normal ranges based on previous studies!8.

Image Processing

Statistics

Results

SD-OCT images were converted into Digital Imaging and Communications in Medicine
(DICOM) format and qualitatively graded in OSIRIX medical imaging software (OSIRIX
Foundation, Geneva, Switzerland) for the presence or absence of each retinal layer and for
any pathologic abnormality present. Subretinal fluid was defined as an area of
hyporeflectivity between the neurosensory retina and the retinal pigment epithelium. A
cystoid space was defined as a distinctive area of hyporeflectivity within the neurosensory
retina, extending in 3 dimensions and causing associated distortion of retinal layers. The
highest quality scan containing the fovea, based on a subjective assessment of resolution and
volume, was selected for quantitative analysis for each imaging session from each eye.

To quantify retinal features, the retinal layers were semi-automatically segmented on a
single central scan using the MATLAB-based (Mathworks, Natick, MA, USA) software
DOCTRAP v10.2 (Duke University). A custom MATLAB script was implemented on the
segmentation output to acquire measurements for retinal thickness and dimensions of retinal
pathology.

Subjects with bilateral subretinal fluid on SD-OCT were compared to subjects without
subretinal fluid with respect to antenatal history (maternal diabetes and maternal age), birth
outcomes (length of labor and mode of delivery), postnatal characteristics (gestational age at
birth calculated from reconciliation of menstrual and ultrasound dating criteria, birthweight,
head circumference, APGAR scores, race, and sex), and other retinal parameters by SD-
OCT (presence of persistent inner retinal layers, total central foveal thickness, and foveal
thickness of the neurosensory retina). Comparison of categorical variables was performed
using the Fisher’s Exact test and comparison of continuous variables was performed using
the Wilcoxon Rank Sum test. All statistics performed on ocular findings were adjusted for
two eyes from each subject using a generalized estimating equations approach. All statistical
analysis was performed with SAS version 9.1.3 (SAS Institute Inc, Cary, North Carolina).

Patient Demographic Characteristics

Of the 39 newborn infants recruited for the study, 17 (43.5%) were male, 22 (56.4%) were
white, 15 (38.5%) were black, 1 (2.6%) was Asian, and 1 (2.6%) was Hispanic. One
additional Asian male infant was recruited but later withdrawn by his parents prior to
completion of the examination. The median gestational age of the infants was 39 weeks
(range 36 to 41). All infants were examined within the first 2 days of life. Five infants
received follow-up examinations on time (4 infants at 1 month and 1 infant at both 1 and 2
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months). An additional 2 infants did not return to the clinic at the requested 1 month follow
up and instead came at later dates (1 infant at 2 months only and 1 infant at 4 months only).
(Table 1 and Supplemental Table available at AJO.com)

Subject Prenatal and Delivery History

Twenty-four infants were born by vaginal delivery without vacuum or forceps and 15 were
born by Caesarean section (C-section). One infant was born following shoulder dystocia
(#12). Two infants were noted to have facial bruising (#24 and #30), and another two infants
were noted to have meconium upon delivery (#19 and #32). All infants were otherwise
healthy. (Table 1 and Supplemental Table available at AJO.com)

Retinal findings by Indirect Ophthalmoscopy

Fifteen eyes (8/39 infants or 21%) had retinal hemorrhages noted on dilated retinal
examination by standard indirect ophthalmoscopy. Hemorrhages were approximately ¥4 to %
disk diameter in size and appeared intraretinal, discreet, and most dense in the temporal
arcades; however, two extended to the macula (#26 and #30). All 8 infants (100%) with
retinal hemorrhages were born vaginally compared to 39% (12/31) of infants without retinal
hemorrhages (P=0.012). Only 1 infant (#17) with ocular retinal hemorrhages on clinical
examination also had bilateral subretinal fluid on SD-OCT. (Table 1 and Supplemental
Table available at AJO.com)

No infants with bilateral subretinal fluid noted on SD-OCT had recognizable subretinal fluid
or abnormal macular clinical findings on dilated ophthalmoscopic examination when the
clinician was blinded to the imaging results. Four eyes of 3 additional infants had the
equivocal appearance of foveal elevation based on lighter foveal pigmentation and abnormal
contour on dilated ophthalmoscopic examination, without foveal abnormality seen on SD-
OCT. (Supplemental Table available at AJO.com)

Retinal Imaging at birth by SD-OCT

All 39 infants tolerated SD-OCT imaging well, with adequate foveal images for the
identification of subfoveal fluid obtained in all subjects. An additional infant was removed
from the study because the parents became nervous during the SD-OCT imaging and
decided that they did not wish to proceed. That infant appeared comfortable during imaging,
however. The median total central foveal thickness (including subretinal fluid, if present) for
all 78 eyes (39 infants) was 85 (range 55 to 303) microns. Six of the 39 infants (15%) had
bilateral subfoveal fluid noted on SD-OCT during the initial imaging session (without
definitive subretinal fluid seen on clinical dilated retinal examination). (Figure 1) Subretinal
fluid was hyporeflective and without intrafluid turbid or hyperreflective material. The
overlying outer retina was hyperreflective. Among eyes with subretinal fluid at the initial
SD-OCT examination, the median height and width of subretinal fluid was 28 microns
(range 6 — 143) and 651 microns (range 421 — 1907), respectively. The median total central
foveal thickness (including subretinal fluid) was 109 microns (range 62 — 303) for eyes of
infants with bilateral subretinal fluid vs. 82.5 microns (range 55 — 293) for eyes of infants
without bilateral subretinal fluid (P=0.056). Median thickness of the neurosensory retina
(measured from the inner retinal border to the outermost edge of the photoreceptor outer
segments) at the fovea was 102.5 microns (range 88 — 160) for eyes of infants with bilateral
subretinal fluid, and this was significantly greater than that of those eyes without fluid (78
microns, range 55 — 121, P=0.003).

Seventy-two eyes (in 38 subjects) had SD-OCT of sufficient quality for analysis of
persistent inner retinal layers at the fovea at the initial examination. Among the 12 eyes (6
infants) with subretinal fluid detected on SD-OCT, 11/12 eyes (5/6 infants, 83%) had SD-
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OCT of sufficient quality for analysis of the inner retinal layers at the fovea. Of these, 7/11
eyes (4/5 infants, 80%) had persistent inner retinal layers at the fovea on SD-OCT (Figures
1-2). Among the 66 eyes (33 infants) without subretinal fluid detected on SD-OCT, 61/66
eyes (32/33 infants, 97%) had SD-OCT of sufficient quality for analysis of inner retinal
layers at the fovea. Of these, 34/61 eyes (19/32 infants, 59%) had persistent inner retinal
layers at the fovea on SD-OCT (Figure 3). The proportion of infants with at least 1 eye with
persistent inner retinal layers did not significantly differ between the infants with and
without bilateral subretinal fluid (80% vs. 59%, respectively, P=0.63).

In one case (#20), one irregular intraretinal cystoid structure was noted parafoveally in each
eye, measuring 450 microns in width at its widest diameter and 50 microns in height in the
inner nuclear layer. This finding was not visualized by indirect ophthalmoscopy; the eyes of
this infant demonstrated neither intraretinal hemorrhages on indirect ophthalmoscopy
examination nor subretinal fluid on SD-OCT imaging. (Supplemental Table available at
AJO.com)

Associated findings in eyes of infants with subretinal fluid

Four of the 6 infants (67%) with bilateral subretinal fluid were born vaginally, while the
remaining 2 infants underwent the first stage of labor for 11 hours prior to C-section for
failure to progress. Both infants with bilateral subretinal fluid who underwent C-section (#4
and #7) had a history of maternal prenatal diabetes (no infants without bilateral subretinal
fluid had a prenatal history of maternal diabetes, P=0.02). Infants with bilateral subretinal
fluid had a significantly higher gestational age at birth (based on reconciliation of both
menstrual and ultrasound dating criteria) compared to infants without subretinal fluid
(median 40.4 vs. 39.1 weeks, respectively, P=0.03). Otherwise, the two groups did not
demonstrate statistically significant differences in sex or race distribution, head
circumference, APGAR scores, mode of delivery, birthweight, total length of labor, or
maternal age. (Tables 1 and 2)

Retinal examination of infants with bilateral subretinal fluid at follow-up by SD-OCT and
Indirect Ophthalmoscopy

Three infants with bilateral subretinal fluid received a follow up retinal examination and SD-
OCT one month later. At that time, 2 infants (#15 and #22) were found to have normal
appearing foveas in both eyes while 1 infant (#4) was found to have persistent but
diminished subretinal fluid in both eyes compared with the initial exam (fluid height
decreased from 140 to 71 microns in the right eye, and from 143 to 55 microns in the left
eye; fluid width decreased from 1839 to 544 microns in the right eye, and from 1907 to 621
microns in the left eye). Although the subretinal fluid had completely resolved in both eyes
of this infant on additional SD-OCT imaging at 2 months of age, the appearance of the inner
segment/outer segment photoreceptor junction was not entirely normal compared to other
scans of similarly aged infants without subretinal fluid (Figure 2). A fourth infant (#7) with
bilateral subretinal fluid by SD-OCT at birth did not return for a follow up examination until
4 months of age, at which point both eyes showed normal-appearing foveas by SD-OCT and
retinal examination; the eyes were aligned and vision was normal by the preferential-looking
test (binocular vision 4.7 cycles/degree, normal for age). (Table 1)

Discussion

Six of the 39 healthy full term newborn infants (15%) had the unexpected finding of
bilateral subfoveal fluid on SD-OCT 1 to 2 days after delivery. To our knowledge, there
have been no published reports of foveal detachments in this population (PubMed Mesh
search terms: Optical coherence tomography AND Infant; Retinal Detachment AND Infant,
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Newborn NOT Retinopathy of Prematurity). Subfoveal fluid has been documented by SD-
OCT in the eyes of 2 infants (ages 13 and 24 months, respectively) with shaken baby
syndrome; however, multiple additional retinal pathologies were also noted, suggesting a
differing mechanism from the cases in the present study.2? Maldonado and colleagues
described normal macular SD-OCT findings in the eyes of a single, healthy, full term, 1-
month-old newborn infant as well as 3 additional full term infants under 1 year of age.2! The
relatively low incidence (15% of infants) and transient nature (resolving within a few
months) likely explains why this phenomenon has not been observed in previous SDOCT
studies of full term infants.

Parafoveal cystoid structures and epiretinal membranes have been previously documented
by SDOCT imaging in premature infants; however, subfoveal fluid was not reported in those
patients.8 Another study identified bilateral foveal cystoid structures and unilateral
extrafoveal subretinal fluid by SDOCT in a full term infant with hemochromatosis and liver
failure.16 The current study had one case of a single parafoveal small cystoid structure
bilaterally without subretinal fluid in a full term newborn, unlike the numerous cystoid
structures seen in previous studies.

Only 1 of 6 infants with bilateral subretinal fluid by SD-OCT imaging also had retinal
hemorrhages on clinical examination, suggesting different causes for these 2 findings. While
delivery by C-section appears to have a protective effect on intraretinal hemorrhages in the
present and prior studies, 22 23 delivery method (vaginal or C-section) was not associated
with the presence of subretinal fluid by SD-OCT in this study (P=1.00). Moreover, the 2
infants with bilateral subretinal fluid who were born by C-section did not undergo the
second stage of labor, when passage through the birth canal would have put the infant at
similar risks to vaginal delivery.

The cause of subfoveal fluid in the eyes of healthy, full term infants is unknown. There was
no evidence of inflammatory or vascular disease, optic pit, or choroidal hemangioma in any
of these infants’ eyes. One possible mechanism is central serous retinopathy, a phenomenon
which has been noted in women during their 3™ trimester of pregnancy, with resolution
within the first few months after delivery.2* Alternatively, bilateral serous retinal
detachments have been documented on ophthalmoscopic examination of infants in cases of
maternal preeclampsia, and a similar pathogenesis may be occurring here.25 However, these
findings were not seen in healthy infants, and there was no evidence of preeclampsia in any
mothers in the present study. Finally, this may be a normal variation in healthy infants at
birth, unrelated to any maternal or infant pathology.

Could subfoveal fluid be a normal part of retinal development? We do not believe that the
subretinal fluid observed in healthy newborns by SD-OCT is an early stage of normal retinal
development for several reasons. The infants in this study with bilateral subfoveal fluid on
SD-OCT tended to be post dates rather than premature. Furthermore, previous studies
reporting the SD-OCT findings of premature infants did not document this
phenomenon.4-10. 21 |nfants with bilateral subretinal fluid did not significantly differ from
infants without bilateral subretinal fluid in the prevalence of persistent inner retinal layers at
the foveal center, an important sign of premature retinal development26-28,

The visual consequences of the subfoveal fluid are unknown. All 4 infants who had
subsequent retinal examination and SD-OCT imaging demonstrated resolution of subretinal
fluid by 1 to 4 months of age. Fifteen percent of healthy newborn babies in this cohort had
subretinal fluid in both eyes. Myopia occurs at a similar rate (15% to 22.2%) in adult
populations?%-34, Other ocular diseases occur at a lower rate in the general population
including amblyopia (0.8-3%)30: 35-37 and strabismus (0.8-3.3%)30: 3536, 38 Clinically
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significant visual acuity deficit is therefore an unlikely consequence of transient subfoveal
fluid just after birth. In addition, the infant with subretinal fluid and the longest follow up (4
months) in this study had normal ocular alignment and normal vision for age by the
preferential-looking test. Follow up studies are needed to determine the visual and refractive
outcomes for this population.

The present study has several limitations. Mothers of infants with bilateral subretinal fluid
had a higher rate of diabetes than other mothers in this study. However, we are cautious to
draw conclusions on fetal and maternal risk factors for subretinal fluid from such a limited
sample size. In addition, not all infants with bilateral subretinal fluid received follow up
examinations, and clinical assessment of visual function was limited in these young infants.
Although clinical retinal examination by indirect ophthalmoscopy failed to detect the
subretinal fluid or parafoveal cysts seen on SD-OCT in all cases (once the clinician was
appropriately masked to the SD-OCT results), it is possible that these subclinical findings
are all destined to resolve without long-standing visual or architectural ramifications for the
infant’s retina. On the other hand, hand-held SD-OCT was noninvasive, and infants tolerated
the imaging well, demonstrating that this technology is a useful clinical tool for detecting
retinal macular abnormalities in the eyes of newborn infants.

The significance of subfoveal fluid in the eyes of healthy newborn infants is unknown, and
the fluid appears to resolve by 1 to 2 months of age. Longer follow up would clarify the
functional consequences of transient subfoveal fluid, if any. As more clinicians utilize hand-
held SD-OCT to evaluate young infants for retinal disease and morphology, they should be
aware that subfoveal fluid is a common SD-OCT finding in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Example of typical SD-OCT from healthy full term newborn infant with subretinal
fluid

This represents a typical amount of subretinal fluid (subject #7, right eye, height 33 microns,
median subretinal fluid height 27.5 microns for all 6 infants with fluid). Six of 39 (15%)
healthy full term infants imaged with hand-held SD-OCT demonstrate bilateral subretinal
fluid at the foveal center. Note the deformation of the photoreceptor layer (white arrow)
above the pocket of SRF. In this example, no persistent inner retinal layers are seen at the
foveal center. Due to the presence of subretinal fluid, it is difficult to assess the inner
segment/outer segment band.
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Figure 2. Subretinal fluid reabsorption in healthy full term newborn infant

SD-OCT scans at the foveal center for the right (left column) and left (right column) eye
from subject #4 at birth (top, subretinal fluid height 140 and 143 microns, respectively), 1
month (middle, subretinal fluid height 71 and 55 microns, respectively) and 2 months
(bottom, no subretinal fluid appreciated) of age. This subject had an unusually large amount
of subretinal fluid (pink arrows). Note a residual slight central elevation of the inner
segment/outer segment band at 2 months of age, without subretinal fluid (bottom, yellow
arrow). At birth (top), this infant had persistent inner retinal layers (including inner
plexiform and inner nuclear layers, white and red asterisk, respectively) at the foveal center,
while later scans demonstrated absence of inner retinal layers at the foveal center. The blue
dashed line (top) marks the border between inner and outer retinal layers.
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Figure 3. Foveal morphology at birth for healthy full term newborn infants without subr etinal
fluid

The eyes of full term newborn infants demonstrated different stages of foveal maturation on
SD-OCT. SD-OCT scan at the foveal center from subject #9 (left, underdeveloped) has a
well-formed foveal pit but remnants of inner retinal layers (above blue dashed line) while
subject #32 (right, developed) has no inner retinal layers at foveal center.
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Comparison of non-ocular characteristics of full term newborn infants with vs. without subretinal fluid
demonstrated by Spectral Domain Optical Coherence Tomography Imaging.

Table 2

Factors Subretinal Fluid (n=6) No Subretinal Fluid (n=33) | P-value
Gender 4 (67%) male 13 (39%) male 0.37
Race 5 (83%) White 17 (52%) White 0.55
1 (17%) Black 14 (42%) Black
1 (3%) Asian
1 (3%) Hispanic
Gestational Age 40.4 (39.4-40.9) weeks 39.1 (36.1-41.6) weeks 003*
Birthweight 3665 (3060-3825) grams | 3305 (2125-3920) grams 0.06
Head Circumference | 34.7 (+0.61) cm 34.11 (£1.32) cm 0.39
APGAR at 1 minute 9(7-9) 9 (4-9) 0.84
APGAR at 5 minutes | 9 (range 8-9) 9 (8-9) 0.38
Type of Delivery 4 (67%) vaginal 19 (58%) vaginal 1.00
2 (33%) C-section 14(42%) C-section
Total length of Labor | 7.0 (1.5-11.6) hours 1.9 (0-26.5) hours 0.13
Maternal Diabetes 2 (33%) 0 (0%) 0.02%
Maternal age 30 (25-40) years 29 (18-41) years 0.40

*
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P< 0.05, continuous variables are presented as mean (+ standard deviation) for normally distributed variables and median (minimum-maximum)

for others
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