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ABSTRACT.

Purpose: Early detection of ocular abnormalities in newborns is essential for timely diagnosis and treatment. This study

aimed to assess the 1-year result of a multicentre prospective neonatal eye examination programme with wide-field digital

imaging system in China.

Methods: A multicentre collaborative prospective study group for neonatal eye screening was established in nine hospitals,

including eight Maternal and Children’s Hospitals, and one general hospital across China from July 2016 to June 2017. Ocular

examinations were performed on newborns within 28 days after birth using a wide-field digital imaging system. Data were

reviewed and analysed. The primary outcome was the prevalence of ocular abnormalities in neonates.

Results: We detected 13 514 (20.91%) abnormal cases in 64 632 newborns. The most frequent abnormality was retinal

haemorrhage (RH; 11.83%). Most of mild RH resolved spontaneously. Among those who were beyond retinopathy of

prematurity (ROP) screening criteria of China (gestational age ≥32 w and birthweight ≥2000 g), the total number of

neonates with ocular abnormality was 12 218/62 799(19.45%). 59.44% of neonatal ocular abnormalities detected

(accounting for 11.56% of all the screened population) needed further interference or observation. Among them, 258

patients (0.41% of all the screened population) needed immediate or timely intervention, including congenital cataract,

retinal detachment, retinoblastoma and other ocular abnormalities. One thousand and ninety-eight patients (1.75% of all the

screenedneonates) shouldbe followedupcloselyandneeded furtherdiagnosis or intervention if necessary, suchasROPorROP-like

retinopathy, familial exudative vitreoretinopathyandpersistent hyperplasia of primary vitreous.Five thousandnine hundredand six

patients (9.4%) with minor clinical significance needed short-term follow-up.

Conclusions: This prospective multicentre study of newborn ocular examination showed a relatively high prevalence of

ocular abnormalities. There are a relatively high percentage of congenital eye pathology that required further referral and

treatment in those neonates who were not screened routinely. According to the benefits and risks associated with neonatal

eye examinations, neonatal ocular screening programme can detect ocular abnormalities at the very early stage and may

play a positive role in promoting paediatric eye health.
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Introduction

Because visual development commences
soonafterbirth, screening forophthalmic
disorders in the newborn is of paramount
importance to identify amblyogenic fac-
tors. The American Academy of Pedi-
atrics recommends red reflex testing
(RRT) shortly after birth (AMERICAN
ACADEMY OF PEDIATRICS, 2008).
However, some ocular disorders cannot
be detected by RRT (Eventov-Friedman
et al., 2010; Sun et al., 2016; Cagini, 2017;
Ludwig et al., 2018). The importance of
ophthalmologic evaluation in the new-
bornwasunderscored byWasilewski and
coworkers (Wasilewski et al., 2002) in
2002, who reported that 3.75% of 667
newborns showed some ocular abnor-
malities, of which 56%was not identified
by the infant’s paediatrician. The most
commonly observed ophthalmic disorder
in the study was corneal opacity.

Newborn eye screening is an emerg-
ing concept for early detection and
intervention of many eye diseases that
are present at birth since the commenc-
ing of the wide-field digital retinal
imaging (WFDRI). several studies
reported the incidence of eye abnormal-
ities (Vinekar et al., 2015; Callaway
et al., 2016; Goyal et al., 2017; Li et al.,
2017; Ma et al., 2018; Simkin et al.,
2019), including retinal haemorrhages
(RHs) in healthy full-term neonates.
The initial outcomes of the newborn
eye screening programme suggested that
early screening was valuable in making
an early diagnosis of visual abnormal-
ities. The studies also showed that the
incidence of ocular abnormalities was
higher than expected. However, most of
them were single centre studies, and the
incidences of neonatal ocular abnormal-
ities varied from 4.7% to 24.40%
(Vinekar et al., 2015; Callaway et al.,
2016; Goyal et al., 2017; Li et al., 2017;
Ma et al., 2018; Simkin et al., 2019). In
this study, we aimed to report the 1-year
results of a large multicentre prospective
neonatal eye examination programme
with wide-field digital imaging system
and the percentage of the ocular abnor-
malities which needed intervention or
follow-up after early detection.

Methods

Study design

A multicentre collaborative prospective
study group for neonatal eye screening

was established within nine hospitals,
including eight Maternal and Chil-
dren’s Hospitals, and one general hos-
pital. These hospitals are all qualified
for neonatal eye screening before join-
ing this study group. They are located
in seven different provinces of China.
Collectively, they covered North,
South, East, West and Center China.
Xinhua Hospital affiliated to Shanghai
Jiao Tong University School of Med-
icine coordinated this study. Data col-
lected from all participating hospitals
were kept and analysed in Xinhua
Hospital.

The study protocol was approved by
the Ethics Committees of Xinhua
Hospital, adopted and approved by
the ethics committees of other partici-
pating hospitals. Informed consent was
obtained from all subjects participating
in this study. This study was registered
on Clinialtrial.org (NCT02851251).

Patients and data collection

The source population was infants
born at the above eight Maternal and
Children’s Hospitals. The study sample
represented subjects whose parents and
paediatricians consented to the study
and the infant completed the screening
procedure.

Inclusion criteria were all live neo-
nates at all these eight Maternal and
Children’s Hospitals whose parents
had signed the consent form from July
2016 to June 2017. Premature infants
as defined by Chinese Ophthalmologi-
cal Society were also included [infants
born <32 weeks gestational age (GA)
or <2000 g birthweight].

Exclusion criteria were infants
whose images or medical charts were
not available for review, patients with
infectious conjunctivitis, and patients
deemed too unstable for examinations
by their attending paediatrician.

Photography protocol

Red reflex of each eye was recorded
with the ophthalmoscope before pho-
tography. RetCam III (Natus Medical
Incorporated, San Carlos, CA, USA)
with 130 degree lens was used to obtain
wide-angle images of all infants
enrolled in this study. The standard
external examination, anterior segment
examination and fundus examination
by RetCam III were performed within
28 days after birth by well-trained

ophthalmologists with the assistance
of nurses (holding the baby) at each
centre. We took five fundus pho-
tographs (nerve up, down, left, right
and centre) for each patient, and also
photographs of external eye and ante-
rior segment if there were any abnor-
malities. Pupil was dilated before
examination using tropicamide
phenylephrine eye drops for 3–4 times
with a 10-min interval. Topical anaes-
thetic was instilled in each eye prior to
imaging. A sterile speculum was used
during screening to allow adequate
ocular exposure for anterior segment
and retinal imaging. Liquid gel was
used as a coupling agent between the
RetCam lens and cornea.

All images and data including gen-
der, GA, age at screening, birth modal-
ity, birthweight and age of mother
when available were collected for anal-
ysis. Images of eyes with abnormal
presentation were sent to the referral
centre for further review. Infants with
RH and other ocular abnormalities
with potential visual or systemic
impact were referred for further fol-
low-up or treatment.

Quality control

Quality control was focused on com-
pleteness and accuracy of the examina-
tions. Staffs committed to the study
were trained to ensure the application
of the same criteria for examinations
and diagnosis. Data from each centre
were reported to the coordinator every
month. Reported eye abnormalities
were double-checked by the coordina-
tors in the reading centre of Xinhua
Hospital.

Outcomes

The primary outcome of this study was
the prevalence of ocular abnormalities
in neonates. The secondary outcome
was the percentage of ocular abnor-
malities which needed intervention or
follow-up.

Statistical analysis

Statistical analysis was performed
using SAS software version 9.4 (SAS
Institute Inc., Cary, NC, USA). Con-
tinuous variables were summarized as
the median with 25th and 75th per-
centiles, or the mean � standard devi-
ation (SD), depending on whether their
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distributions were or were not highly
skewed. A value of p < 0.05 was con-
sidered statistically significant in all
tests if applied.

Results

Demographics and characteristics of

screened population

During the 1-year study period, 64 632
newborns participated in the screening.
The average birthweight was
3314.84 � 541.66 g. The average GA
was 39 (38, 40) weeks. The average age
at screening was 4 days (1, 7). The
male-to-female ratio was 1.18:1. We

classified the screened population into
two groups. Group 1 included 1833
(2.84%) infants who were born prema-
turely as defined by Chinese retinopa-
thy of prematurity (ROP) guideline.
The rest of the babies (62 799) were
classified as Group 2 (Table 1).

Ocular abnormalities detected by the

screening programme

The total number of infants with ocular
abnormality was 13 514, which
accounted for 20.91% of all the
screened neonates. The most common
abnormality was RH, which was
detected in 7648 (11.83%) cases,

including 4553 (7.04%) cases involved
bilaterally (Fig. 1). Three hundred and
forty-eight (0.54%) neonates had
foveal haemorrhage, which was poten-
tially vision threatening. None of the
screened neonates had any significant
adverse events during or after the
examination. The abnormalities were
classified into three types: external eye
and systemic abnormalities, abnormal-
ities of the anterior segment and abnor-
malities of the posterior segment. Red
reflex detected 94.8% (492 out of 519
cases) of the anterior segment abnor-
malities. However, only 3.97% (614
cases out of 15 456) of the posterior
segment abnormalities, such as persis-
tent hyperplasia of primary vitreous

Table 1. Demographics and characteristics of neonates enrolled in multicentre universal newborn

eye screening.

Total neonates Group 1* Group 2*

Total number (%) 64 632 (100) 1833 (2.84) 62 799 (97.16)

Gestational age (weeks) 39 (38, 40)† 32 (31, 34)† 39 (38, 40)†

Age at screening (days) 4 (1, 7)† 15 (7, 23)† 4 (1, 7)†

Age of mothers (years old) 29 (27, 32)† 29 (27, 32)† 30 (27, 33.5)†

Birthweight (grams, SD) 3314.84 � 541.66 1678.56 � 383.00 3362.34 � 466.56

Gender

Male (%) 34 939 (54.06) 949 (51.77) 33 990 (54.13)

Female (%) 29 693 (45.94) 884 (48.23) 28 809 (45.87)

* Group 1 included those neonates who were premature [gestational age (GA) <32 w] or low

birthweight (<2000 g; Chinese retinopathy of prematurity screening criteria). Group 2 included the

remaining neonates beyond screening criteria (GA ≥32 w) and birthweight (≥2000 g).
† Variables were summarized as the median with 25th and 75th percentiles.

(A) (B)

(C) (D)

Fig. 1. Retinal haemorrhage (RH) found in the newborn eyes. (A) Mild RH; (B) Moderate RH;

(C) Retinal haemorrhage (RH) with white centre (Roth’s spot); (D) Severe RH with vitreous

haemorrhage and persistent hyperplasia of primary vitreous (PHPV).

Table 2. Abnormal ocular findings in prema-

ture or low birthweight infants within ROP

screening criteria (Group 1).

Ocular abnormalities

Patients No.

of ocular

abnormalities

(%*)

External eye and systemic abnormalities

Neonatal fundal jaundice 2 (0.11)

Abnormalities of anterior segment

Congenital cataract 6 (0.33)

Corneal oedema 3 (0.16)

Subconjunctival

haemorrhage

1 (0.05)

Leucoma 1 (0.05)

Abnormalities of posterior segment

Immature retina 1045 (57.01)

ROP 165 (9.00)

Total retinal haemorrhage 70 (3.82)

Retinal venous tortuosity 50 (2.73)

PHPV 24 (1.31)

Pigment deposition 18 (0.98)

Peripheral retinal

white lesion

14 (0.76)

Retinal exudates 10 (0.55)

Depigmentation 8 (0.44)

Vitreous opacity 6 (0.33)

Optic disc abnormalities 5 (0.27)

Optic dysplasia 4 (0.22)

Retinitis 3 (0.16)

FEVR 2 (0.11)

Choroidal coloboma 2 (0.11)

Maculopathy 1 (0.05)

Hypopigmented fundus 1 (0.05)

Optic atrophy 1 (0.05)

Total No. of ocular

abnormalities

1296 (70.70)

FEVR = familial exudative vitreoretinopathy,

MGS = Morning glory syndrome, PHPV =
persistent hyperplasia of primary vitreous,

RNFL = myelinated retinal nerve fibre Layer,

ROP = retinopathy of prematurity.

* Per cent of abnormalities accounting for

total ocular abnormalities.
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(PHPV), severe RH and choroidal
coloboma, were detected correctly by
the red reflex test.

In Group 1, 1296/1833 (70.70%)
babies had ocular abnormalities,

including 57.01% with immature retina.
Retinopathy of prematurity (ROP) was
observed in 165 infants (9.00%). Other
abnormalitieswere similar comparedwith
the total screened population (Table 2).

In Group 2, the total number of
neonates with ocular abnormalities
was 12 218 (19.45%), which was similar
but slightly lower than the percentage
among total population 13 514/64 632
(20.91%). All these abnormalities in
Group 2 were classified into different
categories according to whether they
needed intervention or follow-up. Since
most of mild and moderate RHs could
be absorbed spontaneously (Emerson
et al., 2001), only those involving mac-
ula were included in this analysis
(Table 3). All these three types
accounted for 59.44% of total ocular
abnormalities detected and 11.56% of
all the screened neonates. Two hundred
and fifty-eight patients (0.41% of all the
screened population) needed immediate
or timely intervention, including those
with severe consequences such as con-
genital cataract, retinal detachment and
retinoblastoma (Fig. 2, 3). One thou-
sand and ninety-eight patients (1.75%
of Group 2) should be followed up
closely and need further diagnosis or
intervention if necessary, such as
ROP or ROP-like retinopathy, familial
exudative vitreoretinopathy (FEVR)
and PHPV. Some ocular findings were
indicative of systematic abnormalities.

Table 3. Ocular abnormalities* according to different intervention/follow-up among neonates beyond screening criteria (Group 2).

Immediate/ timely Intervention Intervention/close or long-term follow-up Short-term follow-up

Ocular abnormalities

No. of

patients (%†) Ocular abnormalities

No. of

patients (%†) Ocular abnormalities

No. of

patients (%†)

Congenital cataract 156 (1.28) FEVR 283 (2.32) Peripheral retinal white lesion 1321 (10.81)

Conjunctivitis 63 (0.52) ROP (like) retinopathy 241 (1.97) Retinal exudates 1236 (10.12)

Corneal Oedema 12 (0.10) Maculopathy 141 (1.15) Immature retina 1149 (9.40)

Retinitis 11 (0.09) PHPV 115 (0.94) Pigment deposition 692 (5.66)

Retinoblastoma 5 (0.04) Choroidal coloboma 97 (0.79) Depigmentation 434 (3.55)

Neonatal dacryocystitis 4 (0.03) Vitreous opacity 64 (0.52) Foveal Haemorrhage 348 (2.85)

Iris neovascularization 2 (0.02) Optic dysplasia 64 (0.52) Subconjunctival haemorrhage 265 (2.17)

Leucocoria 2 (0.02) Enlarged optic cup 51 (0.42) Retinal venous tortuosity 170 (1.39)

Exophthalmos 1 (0.01) Strabismus 18 (0.15) White without pressure 117 (0.96）
Corneal dermoid 1 (0.01) Optic coloboma 5 (0.04) Neonatal fundal jaundice 107 (8.76)

Retinal detachment 1 (0.01) Angioma of eyelid 5 (0.04) Hypopigmented fundus 35 (2.86)

Optic nerve head capillary

haemangioma

4 (0.03) Albinotic fundus 15 (1.23)

Nystagmus 4 (0.03) Abnormal shape of optic disc 11 (0.09)

Persistent pupillary membranes 3 (0.02) Iris synechia 4 (0.03)

Optic atrophy 2 (0.02) MRNF 2 (0.02)

MGS 1 (0.01)

Total 258 (2.11) 1098 (8.99) 5906 (48.34)

Per cent of abnormalities

accounting for total

screened population (%)

0.41 1.75 9.40

FEVR = familial exudative vitreoretinopathy, MGS = morning glory syndrome, MRNF = myelinated retinal nerve fiber layer, PHPV = persistent

hyperplasia of primary vitreous, ROP = retinopathy of prematurity.

* Only retinal haemorrhage involving macula was listed in the table.
† Per cent of abnormalities accounting for total ocular abnormalities.

(A) (B)

(C) (D)

Fig. 2. Ocular abnormalities detected in the neonates needed immediate or timely intervention.

(A) Congenital cataract; (B) Corneal dermoid; (C) Retinitis; (D) Retinal detachment.
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The early identification of these untreat-
able ocular disorders such as congenital
anomalies of the disc can also prompt
further investigations (Fig. 4), including
genetic and systemic investigation.
These patients needed further investiga-
tion or intervention. The remaining
5096 patients (9.4%) with ocular abnor-
malities might have minor clinical sig-
nificance, but still needed short-term
follow-up, such as immature retina,
peripheral retinal white lesions and reti-
nal exudates.

Discussion

This study presented the 1-year result
of multicentre newborn eye screening
in China. We compared the results
reported by other groups (Table 4).
Our results were largely comparable
with previously reports. Most of previ-
ous studies have been based in single
centre. To our knowledge, this is the
first prospective multicentre neonatal
eye screening reported and presented
both basic information and ocular
findings. Our study included hospitals
from different parts of China, and each
hospital had a neonatal screening per-
centage of over 75%. With large

number of babies enrolled in, the data
obtained here were representative of
neonatal eye abnormalities across
China.

Retinal haemorrhage (RH) was the
single most frequently seen ocular
anomaly among newborn babies. Most
of the mild and moderate RH can be
absorbed quickly without leaving a
trace and causing no discernible effect
on visual development. However, pro-
longed severe RH and macular foveal
haemorrhage may leave a long-term
impact on vision and ultimately lead to
deprivational amblyopia. Macular
foveal haemorrhage accounted for
0.54% in our study, which was similar
to Vinekar’s study (0.34%, FH/RH/
Total population, 4/153/1152) (Goyal
et al., 2017). While in Li’s study, 2.8%
of the full-term neonates had foveal
haemorrhage (Li et al., 2017). The
variations may be due to the difference
of screening timing, population and
delivery methods (Table 4).

There are few literatures that have
discussed the percentage of ocular
abnormalities requiring further inter-
ference or follow-up. In Vinekar’s
study, medical or surgical intervention
of any form was required in nine

babies, which accounted for 18.8% of
abnormalities detected and 0.9% of all
babies screened. Our screening pro-
gramme revealed 11.56% of all the
screened neonates in Group 2 needed
intervention or follow-up, which
accounted for 59.44% of the total
ocular abnormalities detected. Among
them, 2.16% of the screened popula-
tion required timely intervention or
further investigation and long-term
follow-up. Some ocular abnormalities
needed urgent treatment, such as con-
genital cataract, corneal oedema, reti-
nal detachment and retinoblastoma.
Our data showed higher percentage
which needed intervention than Vine-
kar’s. It is possibly due to the difference
of screened population and the setting
of the multicentre study.

We identified five cases (0.01%) of
confirmed retinoblastoma without fam-
ily history during the screening. All
were at very early stages of RB and
received timely treatment. In the Uni-
ted States, the mean age of children at
the diagnosis of retinoblastoma was
25 months for unilaterally affected
ones, and 15 months for the bilaterally
affected ones (Abramson et al., 2002).
Only when there is a known family
history and children are screened for
the disease, the mean age at diagnosis is
younger than 1 year. In the reported
study, despite the diagnosis within
1 year, or even 6 months of life, the
most common intraocular Reese-Ells-
worth group at diagnosis was group V
(i.e. massive tumours involving more
than half of the retina and vitreous
seeding) and the most common mani-
festing sign or symptom was leucocoria
(Abramson et al., 1985, Abramson and
Servodidio, 1992). However, in our
study, all the screened RBs were at

(A) (B) (C)

Fig. 3. Retinoblastoma. (A) Macular mass (suspected retinoblastoma) detected in a male neonate during eye screening. (B) The lesion had slightly

enlarged 10 days later. The parents refused further immediate treatment and lost follow-up after the screening. Three months later, he revisited the

clinic and the fundus examination revealed the mass was enlarged dramatically. The parent agreed to have further treatment finally and the patient

was treated appropriately.

(A) (B)

Fig. 4. Optic abnormalities. (A) Optic coloboma; (B) Enlarged cup/disc ratio in neonates.
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the very early stages, which had very
good prognosis after timely treatment.
The early treatment of retinoblastoma
can not only be vision preservation but
also be life-saving.

The early identification of other sev-
ere ocular disorders such as congenital
anomalies of the optic disc can also
prompt further investigations, including
genetic and systemic investigation, such
as neuro-imaging or endocrine investi-
gations. For example, morning glory
syndrome (MGS) may have facial and
central nervous system abnormalities,
such as basal encephalocele and pitu-
itary dwarfism (Caprioli and Lesser,
1983, Itakura et al., 2013; Minotto
et al., 2007; Fei et al., 2013). A complete
general physical examination and
growth evaluation is important for early
detection and treatment, resulting in
benefit for these patients. Rehabilitation
on functional amblyopia in organic
optic nerve anomalies is essential.
Occlusion therapy during the period of
sensory maturation can prevent deep
amblyopia in MGS patients (Loudot
et al., 2007). The patients with MGS
may complicate retinal detachment in
the future (von Fricken and Dhungel,
1984, Yamakiri et al., 2004). Further
intervention and long-term follow-up
were essential in these patients.

A red reflex test or just an external
eye examination could have detected
many of the abnormalities (AMERI-
CAN ACADEMY OF PEDIATRICS,
2008, Sun et al., 2016; Ludwig et al.,
2018). However, there are many other
ocular abnormalities, especially retinal
pathologies could not be detected by
RRT, a late detection of which could
lead to worse prognosis. Wasilewski’s
study showed the importance of using
an ophthalmologic evaluation as a
routine procedure when examining
newborns, which revealed that 56% of
ophthalmic disorders observed at birth
had not been identified by neonatolo-
gists and paediatricians using RRT
(Wasilewski et al., 2002). Neonatal
eye examination with wide-field digital
imaging system is prompt and efficient
compared with regular ophthalmologic
evaluation, which make newborn eye
screening possible.

One of the most frequently encoun-
tered difficulties in doing a large scale
screening of neonatal screening is the
cost effectiveness. The entire cost of the
screening among Group 2 neonates
was estimated as Chinese YuanT
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(CNY) 18.84 million (US$ 2.69 mil-
lion), which translated to CNY 300
(US$ 42.86) per person. The total
expenses included the use of equip-
ment, manpower, stationeries and
other accessories. The inexpensive
screening cost was due to low cost of
manpower in China which may be
variable in other countries. Excluding
those which can be detected by red
reflex, and mild or spontaneous recov-
ered abnormalities of posterior seg-
ment, the screening programme
detected 283 cases of FEVR, five cases
of retinoblastoma, 14 cases of retinitis.
A conservative estimate of 25 neonates
can be saved from irreversible blind-
ness. The minimum average yearly per
capita income in China in 2018 was
CNY 28 228 (US$ 4032.57). Assume
that a blind individual made 1/5 of the
averaged income, we calculated that
the financial loss incurred due to 25
children going blind at CNY 40.55
million (US$ 5.79 million; Table 5). It
is clear that newborn screening with
WFDRI merits over red reflex test for
all newborn within the first month of
life.

There are some limitations of this
study. First, the detailed information
of RH was not discussed in this paper,
such as the location and severity of
RHs, risk factors and the time to be
absorbent. Second, the group 2 popu-
lation was not completely the same
compared with other countries because
the ROP screening guideline varies in
different countries. However, as shown
in Table2 and 3, the percentage of the
ocular abnormalities in Group 1 and 2
were similar except ROP and imma-
ture retina. Third, there were still some
ocular abnormalities, which needed to
be further investigated to make the
final diagnosis, such as corneal opac-
ity, increased cup/disc ratio, periph-
eral retinal white lesions and retinal
exudates. These abnormalities may
further deteriorate without close fol-
low-up and treatment. It put the
emphasis on the screening of neonatal
eye screening.

This prospective multicentre study
of newborn ocular examination
showed a relatively high prevalence of
ocular abnormalities. There are a rela-
tively high percentage of congenital eye
pathology that required further referral
and treatment in those neonates who
were not screened routinely. According
to the benefits and risks associated withT
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neonatal eye examinations, neonatal
ocular screening programme can detect
ocular abnormalities at the very early
stage and may play a positive role in
promoting paediatric eye health.
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