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Abstract
Aims To evaluate retreatment rates, visual and anatomical outcomes at 1-year postnatal age in infants treated for retinopathy
of prematurity (ROP)
Methods Longitudinal national surveillance study of infants treated for ROP in the United Kingdom between December
2013 and December 2014, supported by the British Ophthalmic Surveillance Unit. Here we report retreatment rates,
anatomical, visual and refractive outcomes at 1-year follow-up.
Results One-year follow-up forms were completed for 168 children of the original cohort of 327 (51.4%). Twenty-two had
at least one retreatment: 17/153 right eyes (REs, 11.1%) after initial diode laser, and 5/14 REs (35.7%) after initial injection
of anti-vascular endothelial growth factor (VEGF) antibody. Median (interquartile range) RE best-corrected visual acuity
was 0.6 (0.4–1.0) (n= 46 REs), and median acuity both eyes open 0.4 (0.3–0.7) logMAR (n= 89). Median spherical
equivalent (RE) was 0.44 (−1.3 to 1.3) dioptre (D) (n= 116). Median astigmatism (RE) was 0.5 (0–1.0) D (n= 111), and
median anisometropia 0.125 (0–0.75) D (n= 116). Twenty-four children (20.5%) had been prescribed glasses. Sight
impairment certification eligibility information was available for 131 children: 11 (8.4%) were eligible to be certified as sight
impaired, and 5 (3.8%) as severely sight impaired.
Conclusions Retreatment rates are in line with previous reports, and appear higher after initial anti-VEGF antibody than after
initial diode laser. Refractive outcomes are in line with previous studies, with a trend towards early emmetropia and myopia
following diode laser, particularly in more severe ROP.

Background

Timely treatment for sight-threatening retinopathy of pre-
maturity (ROP) aims to enable the child to develop normal
vision. Ideally, one treatment application should induce
permanent regression of ROP. Current standard treatment is
diode laser ablation of the avascular retina, with indications
for treatment developed by the Early Treatment of Retino-
pathy (ETROP) study group [1]. Despite timely treatment
unfavourable outcomes can still occur. Unfavourable
structural outcomes include macular fold, retinal detach-
ment involving the macula or a retrolental mass obscuring
the view of the posterior pole, and may occur in 9.1%;
unfavourable visual outcomes (<1.85 cycles on Teller
acuity cards) may occur in 14.5% of infants [1]. In addition,
the incidence of refractive errors, particularly myopia and
astigmatism, is higher in infants who received laser photo-
coagulation for ROP than in children who did not require
ROP treatment [2–5].
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Intravitreal injection of anti-vascular endothelial
growth factor (VEGF) antibodies is an alternative to laser
treatment in severe cases of ROP, such as aggressive
posterior ROP (APROP), and ROP in zone 1 or posterior
zone 2 [6]. Different from laser treatment, anti-VEGF
antibody injection may allow maturation of the peripheral
retina and anterior segment, and reports indicate better
structural and visual outcomes (median VA of 0.3 log-
MAR at around 2 years after treatment for type 1 ROP [7])
and a reduced incidence of myopia compared with laser
[6, 8–16], though not all studies support these findings
[17, 18]. Anti-VEGF antibody therapy may require more
than one treatment application, with reported retreatment
rates ranging from 4 to 14% [6, 9, 11, 12], though higher
rates of 27% have also been reported [7]. Retreatment
after laser is generally expected in around 13.9% [1],
though recently higher retreatment rates of 26 to 32%
have been reported [6, 19].

The aim of the present study was to report retreatment
rates, visual and refractive outcomes in the national cohort
of children treated for ROP over a 12-month period in the
United Kingdom for whom we previously reported initial
treatment data [20].

Methods

Our case ascertainment and data collection method have
previously been described in detail [20]. In brief, between
01/12/2013 and 30/11/2014, ROP practitioners throughout
the United Kingdom prospectively reported new cases of
infants requiring treatment for ROP to the British Oph-
thalmic Surveillance Unit using an established reporting
system. In addition, we set up an electronic UK ROP-
Special Interest Group. We sent practitioners who had
reported ROP-treated infants' two case report forms: one
after initial notification, and another 12 months later. Here
we report data from the 12-month follow-up.

Statistical analysis

Data from the case report forms were entered onto an
electronic Microsoft Office Access database. A random
sample of forms was inspected to ensure data quality.
Data were transferred into Stata version 14.0 for analysis.
Characteristics of infants requiring ROP treatment were
summarized using means and standard deviations for
approximately Gaussian variables and medians and inter-
quartile ranges (IQRs) for non-Gaussian continuous vari-
ables. Categorical variables are reported as numbers and
proportions. This study was not powered to test for statis-
tical significance of any prior hypotheses.

Results

Children’s characteristics

We received 1-year follow-up forms for 168 children of the
original cohort of 327 (51.4%). Gestational age, age, birth
weight, gender, ROP severity, primary treatment modality
and number of treatments were similar in infants for whom
follow-up data were available and those for whom follow-
up data were not available.

At last follow-up, median age (IQR) was 14 (12–17.8)
months. Seventy-six children (45.2%) were girls. At the
time of the follow-up report, 130 children (77.4%) were
under follow-up at the same unit where they had received
ROP treatment. Fifteen children (8.9%) were under the care
of a different eye unit, 7 (4.2%) were reported to have been
discharged, 3 (1.8%) lost to follow-up and 13 (7.74%) had
died. Causes of death were reported in six children, and
included Beckwith–Wiedemann syndrome (n= 1), renal
failure after laparotomy for necrotizing enterocolitis (1),
severe bronchopulmonary dysplasia in extreme prematurity
(1), severe hydrocephalus and respiratory failure (1),
unknown (2).

Table 1 Retreatment rates by ROP severity at presentation (reporting unit: right eyes)

Total n At least one
retreatment

% Primary
treatment laser

At least one
retreatment

% Primary treatment anti-
VEGF antibody

At least one
retreatment

%

APROP 10 4 40 8 3 37.5 2 1 50

Type 1 107 13 12.1 96 9 9.4 11 4 36.4

Type 2
plus

40 2 5 39 2 5.1 1 0

Type 2 6 1 16.7 6 1 16.7 0 0

Milda 3a 0 0.0 2 0 0.0 0 0

Partial RD 2 2 100 2 2 100 0 0

168a 22 13.1 153 17 11.1 14 5 35.7

aNo information on primary treatment was available for one infant.

Retinopathy of prematurity in the United Kingdom: retreatment rates, visual and structural 1-year. . . 1753



Retreatment rates

We calculated retreatment rates with a denominator of n=
168, the number of children for whom follow-up data were
available (Table 1). Twenty-two of 168 (13.1%) infants had
at least one retreatment. Treatment was similar between the
right and left eye; we report here the treatment details for
the right eye (RE). Five of 14 REs which had anti-VEGF
antibody injection as primary treatment (11 bevacizumab, 3
ranibizumab) required retreatment (35.7%). Anti-VEGF
antibody had been administered exclusively for APROP
and type 1 ROP only; retreatment rates were 50 and 36.4%,
respectively. Retreatment rates after diode laser for APROP
and type 1 ROP were 37.5 and 9.4%, respectively (Table 1).

The retreatment given was laser in 8 REs, and anti-
VEGF antibody in 8 eyes, anti-VEGF plus laser for 2 eyes,
surgery for 1 eye and laser plus surgery for 1 eye; retreat-
ment information was not available for 2 eyes. Table 2
summarizes retreatment details.

The median interval from primary to secondary treatment
was 17 (IQR 7–33, range 2–106) days, and the median
interval from secondary to tertiary treatment was 36 (IQR
27–48, range 13–119) days.

For some infants, information about retreatment was
available from the original incidence case report forms. We
carried out a secondary analysis of retreatment rates, using
all available retreatment information, with n= 327, the

original cohort population size, as denominator. Forty-two
children (12.8%) of the original cohort required at least one
retreatment, so the results of this analysis were similar to
our initial retreatment analysis (Supplementary material,
Tables 5 and 6).

Visual and refractive outcomes 1 year after ROP
treatment

Best-corrected visual acuity in logMAR in the RE was
available in 46 children, and with both eyes open, 89
children. Median (IQR) RE acuity was 0.6 (0.4–1.0) log-
MAR, and median acuity with both eyes open was 0.4
(0.3–0.7) logMAR (Table 3). The median (IQR) spherical
equivalent, calculated as spherical correction plus half of
astigmatic correction, of REs was 0.44 (−1.3 to 1.3) dioptre
(D) (n= 116). Median (IQR) astigmatism of REs was 0.5
(0–1.0) D (n= 111). Median (IQR) difference in refractive
error between the two eyes was 0.125 (0–0.75) D (n= 116).
Twenty-four children (20.5%) had been prescribed glasses.

The proportion of eyes with myopia of 5 dioptre
sphere (DS) or more was highest in those with type 1 ROP:
5.3% (7 of 133 eyes) after laser, and 31% (5 of 16 eyes)
after anti-VEGF antibody. Overall, the proportion of eyes
with myopia of 5 DS or more was greater in the anti-VEGF
antibody group than the laser group (26.3 vs. 6.7%, 5/19 vs.
14/209 eyes) (Table 4).

Table 2 Details of secondary, tertiary and any further treatment following initial laser or anti-VEGF antibody treatment, based on 168 children for
whom one-year follow-up data were available (reporting unit: right eye)

Secondary treatment

Argon laser Anti-VEGF antibody Missing data Total

Initial treatment

Argon laser 5 7 2 14

VEGF inhibitor 0 2 1 3

Total 5 9 3 17

Tertiary treatment

Argon laser Anti-VEGF antibody/plus laser Surgery Total

Initial treatment

Argon laser 3 0 2 5

VEGF inhibitor 0 1 0 1

Total 3 1 2 6

Any further treatment at 1 year

Argon laser Anti-VEGF antibody/plus laser Surgery Total

Initial treatment

Argon laser 3 1 1 5

VEGF inhibitor 0 2 0 2

Total 3 3 1 7

1754 G. GW Adams et al.
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Eligibility for sight impairment certification was reported
for 131 children. Eleven (8.4%) were eligible to be certified
as sight impaired, and five (3.82%) as severely sight
impaired (3.8%).

Anatomical outcomes 1 year after ROP treatment

Unfavourable anatomical outcomes were reported in a total
of six eyes (three each right and left eyes). Macular status at
last follow-up was reported in 142 children. The macula of
two REs (1.4%) was 'dragged', and one RE (0.7%) had a
retinal fold involving the macula. Figures for left eyes were
identical. The retina was attached in both eyes at the last
follow-up visit in all children.

Strabismus and nystagmus

Twenty-one of 168 (12.5%) children developed esotropia, 3
exotropia (1.8%); none had a vertical deviation. Thirteen
children (7.7%) developed nystagmus.

Other unfavourable ocular and neurological
outcomes

One child developed cataract (0.6%), one glaucoma and one
unilateral phthisis. Other structural ocular conditions were
reported in three cases: residual vitreous haemorrhage (eye
not given), optic atrophy and a previous exudative retinal
detachment in one left eye. Amblyopia was reported in one
child. Seven children (4.2%) were diagnosed with cerebral
visual impairment. Twenty children had neurological
impairments: cerebral palsy in 7 (4.2%), quadriplegia in 1,
and developmental issues or motor delay in 8 children
(4.8%). Three children had hydrocephalus and 1 had peri-
ventricular haemorrhage. In addition, eight had a hearing
impairment (4.8%).

Discussion

The key findings of this study are that retreatment rates
appear higher after initial anti-VEGF antibody than after
laser, and that visual outcomes are generally good, with a
median acuity with both eyes open of 0.4 logMAR at age
14 months, which is within the normal range for this age
when measured with acuity cards [21–23]. However, over
12% of children were eligible to be certified as sight
impaired or severely sight impaired, comparable to the rate
of unfavourable visual outcomes reported in the ETROP
trial [1]. In addition, a high proportion of children (20.5%)
had started to wear glasses. Twenty children (12%) had
been diagnosed with conditions affecting the central ner-
vous system.

The robust case ascertainment methodology which
allowed collection of data at the national level is a strength
of this study. A limitation is the high loss to follow-up since
treatment, due to anonymized data collection and discharge
from treating centres to referring units. Clinical assessment
of visual acuity at the young age of a median of 14 months
is often difficult, but the median we observed is within the
normal range for this age. Reporting visual outcome might
be more reliable at later ages, but further loss to follow-up
may weaken data. Similarly, we report early refractive
outcomes, 12 months after treatment, but myopia may
develop or progress later. However, we observe a clear
trend towards emmetropia and towards a greater prevalence
of myopia even at this young age. Our study contributes to
the ongoing discussion about advantages and disadvantages
of anti-VEGF antibody treatment compared with diode
laser. The retreatment rates we observe are in line with
previous reports [1, 6, 7]. Whether retreatment rates after
anti-VEGF antibody are truly higher than after diode laser
will require further studies, ideally randomized controlled
trials; one such trial is currently enroling participants
(NCT02375971). Due to the high loss to follow-up and
the possible selection bias towards inclusion of more
severe cases, our figures may overestimate the actual
retreatment rates.

As the majority of children in our study received laser
treatment, we expected refractive outcomes similar to those
reported by the ETROP trial: myopia of −0.25 D or greater
in two-thirds of children, and of 5 D or more in a quarter of
children [24]. However, we found myopia of −0.25 D or
more in only 36.4% (83/228 eyes), and high myopia of 5 D
or more in 8.33% (19/228 eyes), possibly due to the
inclusion of children treated for milder forms of ROP in our
study (type 2 plus, disease milder than type 1 with plus or
pre-plus, e.g., zone 3 disease with plus or zone 2 stage 1
with plus) [20]. Median spherical equivalent was 0.44 DS,
which is a favourable outcome for children who required
ROP treatment, although it is lower than in healthy children
and in children born prematurely, but without ROP [25].
Our observed rate of astigmatism of 1 D or more (37.8%,
84/222 eyes) is in line with the 32–42% reported by the
ETROP trial and rates reported by other studies [2, 3]. Our
prevalence of anisometropia of 1 D or more (21.7%, 25/115
children) is higher than the 6.5% reported by others [3].

Twelve percent of children treated for ROP had been
diagnosed with neurological or developmental problems by
the age of 12–14 months, which is comparable with figures
reported by the EPICURE studies [26]. As developmental
concerns may become more apparent with increasing age,
this figure may be an underestimate of long-term neurolo-
gical impairments.

In conclusion, visual outcomes after treatment for ROP
are good, with most children developing acuity normal for
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their age. Retreatment rates after initial anti-VEGF antibody
appear higher than those after diode laser. Over 12% of
infants have poor outcomes and are certified as sight
impaired or severely sight impaired. Neurological impair-
ments are common and affect 12% of children treated for
ROP.

Summary

What was known before

● ROP is a sight-threatening condition with increasing
incidence. New treatment in the form of anti-VEGF
antibodies has entered clinical practice, with variable
outcomes, possibly a higher need for long-term follow-
up and re-treatments for recurrence of disease activity.
Standard treatment remains diode laser photocoagula-
tion of the non-vascularized retina, with increased risk
of early emmetropization and myopia in childhood.

What this study adds

● Visual outcomes after treatment for ROP are good in the
majority of children, though a significant minority
have poor outcomes and are eligible for sight impair-
ment certification. Retreatment rates appear higher after
initial anti-VEGF antibody than after initial diode laser
treatment. Refractive outcomes show a trend towards
early emmetropia and myopia following diode laser,
particularly in more severe ROP.
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