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Abstract
Aim To determine predictors of rescue treatment among infants treated for retinopathy of prematurity and to evaluate their
ocular outcomes at 18–24 months of corrected age.
Methods This is a single centre retrospective study of infants who received treatment for type 1 ROP, using laser photo-
coagulation or anti VEGF agents. Multivariable logistic regression was used to generate a prediction model for rescue
treatment of ROP. The primary outcome was an abnormal refractive outcome by 24 months of corrected age, among infants
primarily treated with laser therapy.
Results Two hundred and eight infants (including 416 eyes) who received single (n= 151) or rescue (multiple) treatments
(n= 57) were included. Ninety three percent of the infants were primarily treated with laser photocoagulation. Lower
gestational age, small for gestational age, early packed red blood cell transfusion (within 2 weeks of postnatal age), and
presence of Zone 1 retinopathy predicted the need for rescue treatment in treated infants [area under the receiver operating
characteristic curve: 0.81 (0.73–0.89)]. The incidence of abnormal refractive outcome, assessed in a total of 174 infants, was
found to be significantly higher in the rescue treatment group (67% versus 21%, adjusted odds ratio: 7.56 (3.3–17.2), P <
0.001). Myopia, very high myopia and use of spectacles was significantly higher in the rescue treatment group (P < 0.001
for each).
Conclusions Rescue treatment for ROP was associated with an increased incidence of refractive errors and requirement of
spectacles by 2 years of age. Larger prospective multicentre studies are required to confirm the findings from our study.

Introduction

Retinopathy of prematurity (ROP) has been identified as a
leading cause of preventable blindness in high income
countries and as an emerging cause of severe visual
impairment in middle income countries [1]. The incidence
of severe ROP and treatment requiring ROP is increasing
worldwide [2]. Severe ROP has been associated with
delayed maturation of white matter and optic radiations as

well as reduced brain volumes, with potentially serious
implications for neural and visual development [3].

Laser photocoagulation is the first-line therapy for type 1
ROP [4]. Evidence of benefit in Zone 1 disease has led to
increasing use of intravitreal anti VEGF (vascular endo-
thelial growth factor) as the primary treatment for ROP [5].
A large proportion of infants are successfully managed with
a single treatment, with either laser therapy or anti VEGF
agents. However, many infants require rescue therapies as
part of ongoing care and staged treatment. The two largest
clinical trials conducted to date on ROP treatment strategies
have acknowledged the need for rescue treatments in
25–30% of infants with treated ROP [5, 6].

Among extreme preterm birth survivors, treated ROP has
been implicated as a major risk factor for abnormal visual
outcomes in children [7]. Improved survival of extremely
premature neonates and intensified screening and detection
of zone 1 retinopathy, have likely further accentuated the
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morbidity associated with treated ROP [4]. In recent
cohorts, nearly 40–50% of infants treated for ROP were
reported to experience unfavourable visual outcomes at
18–24 months [8, 9]. Follow-up studies have reported a
high incidence of myopia with laser ablation as compared to
primary anti-VEGF therapy [10, 11]. However, there is very
limited data on the visual and refractive outcomes of infants
that receive rescue therapies for ROP.

Clinical prediction models have identified risk factors
that could predispose infants to develop severe ROP and
require treatment for ROP [12]. However, there is limited
understanding regarding factors that could predispose trea-
ted infants to require rescue treatment. Assessment of risk
factors and visual morbidities in those infants could aid in
prognostication while counselling families in the neonatal
intensive care unit. Knowledge of modifiable risk factors
could also drive quality improvement initiatives to reduce
the burden of treated ROP in a variety of neonatal care
settings worldwide.

Therefore, we aimed to study the predictors of rescue
treatment among infants treated for ROP and measure the
refractive outcomes of those infants at 18–24 months
corrected age.

Patients and methods

This is a retrospective study of neonates admitted in a single
centre over a period of 4.5 years (February 2014–December
2018). The hospital is one of the largest tertiary referral
centres for neonates in Western India. The centre is part of
the Indian National Neonatal Collaborative (INNC) network
and accounts for 35% of the extremely premature infants
annually enroled in the database. Data for the study were
extracted from the INNC database and from patient medical
records. The study was approved for a waiver of informed
consent by the institutional ethics committee (Surya Chil-
dren’s Medicare Private Limited, EC-24/08/2019), given
the retrospective and observational nature of the
investigation.

Screening procedures

Preterm infants <34 weeks and <1750 g were screened per
the National Neonatology Forum guidelines for ROP in
Indian infants [13]. Staging of ROP was in accordance with
the International Committee for the classification of ROP
[14]. Binocular indirect ophthalmoscopy was used for
screening. Weekly examinations were continued until com-
plete vascularisation of the retina or until ROP regression
was documented in two successive retinal examinations.

All infants diagnosed with Type 1 retinopathy per Early
treatment for ROP (ETROP) study guidelines were

considered for treatment [15]. Three trained paediatric
ophthalmologists (with more than 12 years experience each)
were involved in screening and treatment of ROP in our
unit. Serial screening of an individual patient was assigned
to a single ophthalmologist, and when treatment was
deemed indicated, it was initiated only after the ophthal-
moscopy findings were secondarily reviewed by a senior
ophthalmologist. Any discordance between the lead and the
senior ophthalmologist with regard to the ROP staging and
treatment decision was discussed with the neonatologists
and resolved by a consensus based approach. Infants were
treated within 48 h of qualifying for treatment.

Treatment groups

Treated ROP was divided into two categories. The single
treatment group comprised infants that were treated once
with either laser therapy or anti VEGF. The rescue treatment
group was defined to include infants that required any of the
following: (a) laser therapy twice or more for progressive
neovascularization, (b) laser therapy followed by adjuvant
therapy with anti VEGF, (c) anti VEGF followed by laser
therapy for recurrence of ROP. “Fill in” laser therapy to
treat skipped areas from previous laser sessions, was not
considered rescue therapy.

Treatment criteria and procedures

Laser ablation was the primary mode of treatment in the
unit. Anti VEGF agent was considered the primary treat-
ment modality in the following situations: (a) aggressive
posterior zone ROP (b) stage 3 ROP noted in Zone 1, (c) an
undilating pupil or poor visibility due to media opacities
precluding laser therapy, (d) infant was too sick for laser
therapy. Informed consent for treatment was obtained from
the parents of all the patients.

Persistence of or new vessel formation on the iris, or
persistence of plus disease and progression of retinal neo-
vascularization despite complete photocoagulation were
considered indications for rescue treatment. These infants
were subjected to either a second round of laser therapy
applied between the previous laser scars, or adjuvant ther-
apy with anti VEGF. Infants primarily treated with anti
VEGF were treated with laser if recurrence of retinal neo-
vascularization was noted. Persistence of vascular tortuosity
after anti VEGF injection was not considered an indication
for additional treatment. Retreatment with anti VEGF was
avoided in the first month following primary anti-VEGF
therapy.

For laser therapy, an infrared diode laser (810 nm
wavelength) via indirect ophthalmoscopy was used to ablate
the avascular retina in a near confluent pattern, under topical
anaesthesia with 0.5% Proparacaine. For anti-VEGF
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therapy, intravitreal bevacizumab at a dose of 0.625 mg
(Avastin, Roche Products limited, India, 0.625 mg/0.025
ml) was administered under topical anaesthesia, using a 30
gauge needle inserted 1–1.5 mm inferotemporal to the
sclerocorneal junction. When bevacizumab was unavail-
able, intravitreal ranibizumab at a dose of 0.2 mg (Lucentis,
Novartis India Ltd, 0.2 mg/0.02 ml) was used as the anti
VEGF agent.

Outcome assessment

The main outcomes of interest were (a) predictors of rescue
treatment in treated ROP (b) refractive outcomes at
18–24 months among infants that received rescue treat-
ments for ROP. Considering the higher incidence of myopia
among infants treated with laser photocoagulation as com-
pared to anti-VEGF monotherapy [10, 16], we restricted the
analysis of refraction to infants that were primarily treated
with laser therapy in both groups. Baseline maternal and
neonatal demographic characteristics were recorded in a
pre-designed case record form. We also collected data on
risk factors for severe ROP, including mechanical ventila-
tion, sepsis, early postnatal weight gain (weight gain in the
first four postnatal weeks), and packed red blood cell (RBC)
transfusions.

Infants who required treatment for ROP were followed
up every 3–6 months in the first 2 years of age. Abnormal
refractive outcome at 18–24 months was a composite out-
come defined by the presence of myopia (≥0.25 dioptres)
[17], hyperopia (≥4.00 dioptres) or astigmatism (>2.00
dioptres) [18]. The other outcomes assessed were need for
spectacles, very high myopia (≥5.00D), strabismus, cortical
visual impairment, and blindness (visual acuity of 20/200)
in at least one eye. Refractive status of the infant was
assessed using wet retinoscopy after instillation of 1%
cyclopentolate hydrochloride, 0.8% tropicamide and 5%
phenylephrine drops. Refractive correction was prescribed
according to the recommendations by the American Acad-
emy of ophthalmology for preferred practice patterns in
paediatric eye evaluations [19].

Statistical analysis

Descriptive statistics were computed for variables in both
groups and presented as means and standard deviations (for
parametric continuous data), medians and inter-quartile
ranges (for non-parametric continuous data) and proportions
(for categorical data). Baseline characteristics and outcome
measures between the single and rescue treatment groups
were compared using the Chi square test, two sample t-test
or Mann–Whitney U test as applicable. Logistic regression
analysis was used to generate the prediction model for
rescue treatment. Clinically important covariates that were

statistically different between the two groups (P value of
<0.2) on univariate analysis were included in a multivariate
logistic regression model. The final model was constructed
using a stepwise backward elimination method to exclude
variables that were not significant in predicting the need for
rescue treatments. Covariates were examined for multi-
collinearity (variance inflation factor >2.5) prior to inclusion
in the model. Bootstrap resampling method was used to
internally validate our model and the corrected area under
the receiver operating characteristic (ROC) was estimated to
determine the discriminatory power of the model. The
goodness of fit of the final model was tested by comparing
the area under the ROC with that of the primary multivariate
model. For the primary outcome, the adjusted odds ratios
with 95% confidence intervals were reported, controlling
for gestational age and the presence of zone 1 ROP a priori.
All P values were two sided and a P value of <0.05 was
considered statistically significant. Stata - version 13.1
(Statacorp, 4905 Lakeway Drive College Station, Texas,
USA) was used for statistical analysis.

Results

A total of 208 infants required treatment for ROP during the
4.5 year time period. Single treatment was administered in
151 patients while 57 infants received multiple treatments.
The details of patient enrolment for the study have been
displayed in Fig. 1.

Laser ablation was the primary treatment modality in 193
patients. Ten infants required “fill in” lasers within a period
of 3 weeks of the primary laser session. Thirteen infants
required rescue laser therapy following the primary laser
treatment for progressive neovascularisation. Median time
to rescue laser therapy was 5.5 weeks in this group.

Fifteen infants (seven in the single treatment group and
eight in the rescue treatment group) were primarily treated
with anti VEGF agents. Bevacizumab was the anti VEGF
agent used in all of these instances except one who received
intravitreal ranibizumab. One infant needed treatment with
two courses of bevacizumab.

All patients in our study had bilateral eye disease
requiring treatment in both eyes; 90% (n= 188) of infants
were treated for type 1 ROP.

Among the cohort, 62% of the neonates were outborn
and 71% were delivered by caesarean section. At least one
dose of antenatal steroids was received by 84% of mothers
(Table 1). Infants in the rescue treatment group were of
lower birth weight and had higher rates of mechanical
ventilation, infection, and RBC transfusions as compared to
the single treatment group. The presence of Zone 1 ROP
and use of anti VEGF was significantly higher in the rescue
treatment group (Table 1). We included the following
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variables in the primary regression model—gestational age,
being small for gestational age (SGA), male gender, outborn
status, SNAPPE score, postnatal weight gain, patent ductus
arteriosus, late onset sepsis, receipt of postnatal steroids,
need for early packed RBC transfusion, presence of Zone 1
ROP, and days on mechanical ventilation. Following
sequential elimination of covariates (significance level
of P > 0.2), lower gestational age, SGA, need for RBC
transfusion within the first 2 weeks of life, and the presence
of Zone 1 ROP were identified as predictors for rescue
treatment of ROP. The odds ratios and the 95% confidence
intervals of the predictors are shown in Table 2. The area
under the ROC curve for our final model was 0.81 (95% CI:
0.73–0.89) (Fig. 2). The apparent performance of our model
was tested in 200 bootstrap samples that were randomly
drawn with replacement from our original sample. The
optimism corrected area under the ROC was calculated to
be 0.804 (95% CI: 0.734–0.895) suggesting high dis-
criminatory power of our model in predicting the need for
rescue treatment. Test for equality of the ROC areas
between the nested models suggested good model fit (0.81
versus 0.83, P= 0.35).

Out of the 208 infants included in the study, data on
refractive outcomes at 18–24 months of corrected age were
available for 189 infants. The refractive outcomes of 174
infants primarily treated with laser photocoagulation (129 in
the single treatment group versus 45 in the rescue treatment
group) were compared. Refractive abnormalities were sig-
nificantly higher in the rescue treatment group [67% versus
21%, adjusted OR: 7.56 (95% CI: 3.3–17.2), P < 0.001].
The incidence of myopia, very high myopia and the need
for spectacles was also significantly higher in the rescue
treatment group (Table 3).

Two infants developed retinal detachment in the right eye
despite rescue treatments and underwent lens sparing
vitrectomy at 3 months of corrected age. The first infant was
born at a gestational age of 26 weeks and developed
aggressive posterior ROP at 34 weeks postmenstrual age,
requiring treatment with intravitreal anti VEGF. Four weeks
later, the infant received secondary treatment with laser for
plus disease; however developed fibroretinal traction on
follow up leading to partial retinal detachment. The second
infant was born at 24 weeks and 5 days of gestation and
developed stage 3 plus disease in zone II requiring laser
photocoagulation at 33 weeks postmenstual age. At term
gestational age, the infant was treated with anti VEGF agents
for neovascularisation in the macular area, but progressed to
develop extensive fibrotic changes in the retina and macular
traction. Both the infants subsequently developed retinal
detachment in left eye at 5 months of corrected age and
underwent vitrectomy. On follow up, both the infants had
bilateral blindness with no functional vision. Two infants in
the single treatment group required surgical correction of
strabismus at 21 and 24 months of corrected age.

Discussion

Our study demonstrates that lower gestational age, SGA,
need for early packed RBC transfusion (within the first
2 weeks of life) and the presence of Zone 1 ROP predict the
need for rescue treatment among preterm infants with
treated ROP. We also found that infants who received res-
cue therapy had increased odds of an abnormal refractive
outcome and an increased requirement for spectacles at 2
years of age.

Fig. 1 Of the 208 infants
treated for retinopathy in the
4.5 year time period, 186 were
assessed for refraction at
18–24 months corrected age.
The primary outcome (abnormal
refraction) was analysed for 174
infants that were primarily
treated with laser
photocoagulation.
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Table 1 Baseline characteristics, neonatal outcomes and ophthalmoscopy findings.

Single treatment group
(n= 151)

Rescue treatment group
(n= 57)

P value

Maternal characteristics

Maternal age (years) 32 (29–34) 31 (29–35) 0.43

Pregnancy induced hypertension 45 (29%) 14 (26%) 0.73

Gestational diabetes mellitus 31 (20%) 13 (24%) 0.56

Antepartum haemorrhage 32 (21%) 14 (26%) 0.45

Premature rupture of membranes >24 h 32 (21%) 15 (28%) 0.34

Caesarean section 115 (75%) 34 (63%) 0.11

Any antenatal steroid 131 (85%) 44 (81%) 0.52

Complete antenatal steroid 91 (59%) 25 (46%) 0.11

Neonatal characteristics

Gestational age (weeks) 26.9 ± 1.9 25.5 ± 1.6 <0.001

Out born 99 (64%) 32 (59%) 0.62

Male gender 82 (53%) 25 (46%) 0.43

Birth weight (g) 890 ± 217 786 ± 162 0.008

Small for gestational age 30 (19%) 11 (20%) 0.84

Multiple pregnancy 76 (49%) 23 (43%) 0.43

Required resuscitation at birth 106 (69%) 46 (83%) 0.02

SNAPPE score 28 (17–35) 32 (21–40) 0.08

Postnatal weight gain (till 28 days
of age)

207 (115–332) 135 (65–300) 0.08

Neonatal outcomes

Death 1 (0.6%) 4 (7.4%) 0.53

Intraventricular haemorrhage (grade III
or more)

6 (3.9%) 2 (3.7%) 1.00

Patent ductus arteriosus requiring
treatment

71 (46%) 33 (61%) 0.08

Definite necrotising enterocolitis 14 (9%) 4 (7.4%) 1.00

Early onset sepsis 12 (7.8%) 5 (9.3%) 0.77

Late onset sepsis 32 (21%) 20 (37%) 0.03

Pneumothorax 5 (3.2%) 4 (7.4%) 0.24

Ventilation days 2.5 (0–8) 7 (1–21) 0.0009

Chronic lung disease 53 (29%) 47 (29%) 1

Postnatal steroids 48 (31%) 28 (52%) 0.013

Need for home oxygen 5 (3.2%) 5 (9.3%) 0.13

Time of initiation of feed (days) 4 (2–6) 5 (3–7) 0.09

Time for full feed (days) 10 (7–15) 14 (9–18) 0.06

Duration of hospital stay (days) 68 (54–86) 84 (64–107) 0.0005

Need for Inotropes 31 (20%) 21 (39%) 0.77

Periventricular leucomalacia 9 (5.8%) 8 (15%) 0.047

Duration of respiratory support 46 (23–69) 61 (38–79) 0.0054

Need for packed RBC within 2 weeks 48 (32%) 32 (56%) 0.002

Number of packed RBC transfusions 1 (0–2) 2 (1–4) 0.0002

Ophthalmoscopy findings

Zone 1 type 1 ROP 9 (6.2%) 19 (33%) <0.0001

Zone 2 type 1 ROP 124 (83%) 36 (63%) 0.005

Zone 2 stage 3 ROP without plus 10 (6.6%) 1 (1.7%) 0.29

Zone 3 ROP 8 (5.3%) 1 (1.7%) 0.45
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Progression and reactivation of ROP despite primary
treatment is increasingly being recognised in high risk
neonatal populations, expanding the premise for rescue
therapies [20, 21]. The incidence of rescue treatment in our
study is in line with contemporary evidence from pro-
spective studies. While the BEAT ROP investigators
reported that 22% of infants with Zone 1 ROP required
rescue therapy following primary laser photocoagulation
[5], another RCT reported 26% recurrence rate of Zone 2
ROP following single dose anti VEGF treatment [22]. A
recent multinational clinical trial comparing the efficacy of
two doses of ranibizumab against laser therapy for ROP in
zone 1 and 2 also reported 25–30% retreatment rate in all
the treatment arms [6].

Our prediction model is concordant with prior evidence
describing risk factors of severe and progressive retinopathy
in neonates. Extreme prematurity and aggressive posterior
ROP have been shown to be important risk factors for
rescue treatment in other studies [23]. A recent meta-
analysis of observational studies involving 190,146 infants
showed a higher risk of ROP treatment in preterm SGA
infants when compared to preterm non SGA infants [24].
Lust et al. showed that infants receiving packed RBC

transfusions within the first 10 days following birth had four
times higher odds of developing severe ROP independent of
gestational age and oxygen requirements [25].

Various observational studies have reported on the visual
and refractive outcomes of infants treated for ROP. While
the Canadian Neonatal network and the NICHD report
excluded infants that required multiple treatments [8, 9], a
retrospective observational study of 61 infants (n= 45 for
single treatment, n= 16 for rescue treatment) reported the
visual outcomes to be similar in the groups despite a five
times higher odds of severe psychomotor disabilities in the
rescue treatment group [26]. Another retrospective study of
34 infants suggested a higher prevalence of myopia (82%
versus 42%) and high myopia (29% versus 10%) at 2 years
of age, with rescue treatment in 9 patients as compared to
anti-VEGF monotherapy in 20 patients [27].

Our study infants differed from the aforementioned
cohorts in various characteristics. First, the infants in our
study were of slightly higher birth weight and a large pro-
portion of them were outborn. Secondly, only 7% of study
infants received anti VEGF as the primary treatment

Table 2 Predictors of rescue treatment.

Rescue treatment Odds ratio P > |z| 95% confidence
interval

Gestational age (per
additional week)

0.56 0.01 0.40–0.78

Being SGA 4.14 0.013 1.35–12.66

Receipt of early
packed RBC

2.56 0.045 1.02–6.42

Presence of Zone 1 ROP 4.59 0.010 1.44–14.62

SNAPPE score 0.97 0.130 0.93–1.01

Listed variables represent the final prediction model obtained after
backward stepwise logistic regression.

SGA small for gestational age, RBC red blood cell, ROP retinopathy of
prematurity, SNAPPE score for acute neonatal physiology with
perinatal extension.

Table 1 (continued)

Single treatment group
(n= 151)

Rescue treatment group
(n= 57)

P value

Primary anti-VEGF therapy 7 (4.6%) 8 (14%) 0.032

Vitreous haemorrhages 0 3 (5.2%) 0.02

Retinal detachment 0 2 (3.5%) 0.07

Vitrectomy 0 2 (3.5%) 0.07

Surgery for strabismus 2 (1.3%) 0 1.00

Data expressed as n (%), mean ± SD or median (25th quartile–75th quartile). P values are based on Fisher’s exact test and two sample t-test/
Wilcoxon rank sum test, for categorical and continuous variables, respectively.

CPAP continuous positive airway pressure, ROP retinopathy of prematurity, VEGF vascular endothelial growth factor, RBC red blood cell.

Fig. 2 The ROC curve demonstrates the accuracy of our model in
predicting the need for rescue treatment in treated ROP. Our
preeiction model included lower gestational age, small for gestational
age, need for early blood transfusions and Zone 1 retinopathy.
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modality. This likely reflects the influence on local practice
of growing concerns over the potential long term neurolo-
gical and cognitive deficits associated with off label use of
anti VEGF agents in vulnerable patient populations.

We found a significant increase in refractive abnormal-
ities at 18–24 months following rescue treatment. It is
possible that this association could be confounded by the
predictors that we demonstrate in our model, particularly
prematurity [28] and zone 1 disease. In a large national
cohort of extremely preterm children, lower gestational age
was predictive of refractive abnormalities, even after
adjustment for treatment requiring ROP [7]. Zone 1 ROP
was shown to be associated with high myopic refractive
errors in eyes treated with either laser or anti VEGF [29].
Hence, we sought to adjust for the effect of these two
confounders on the refractive outcomes in our study
infants.

Although the sample size was dictated by the availability
of data, our study had 90% power to detect a twofold
change in the primary outcome with the available sample
size and a 2:5 allocation ratio among groups. While this was
a single centre study, the shared decision making approach
employed locally ensured that choice of treatment was less
likely to be influenced by clinician preferences. Variability
in ROP stage ascertainment was also reduced. The follow
up rate of over 95% is another strength of our study.

Our study has several limitations. We acknowledge that
the retrospective study design could have introduced
unmeasured biases. The generalisability of our study is
limited by the single centre model. The treatment indica-
tions in our patients could slightly differ from cohorts in
other geographic regions. Rapidly evolving treatment con-
cepts and regional variations in management of ROP [30]

could also have contributed to this difference. It is possible
that the case- mix of infants requiring primary laser or anti
VEGF treatment in each study group could have slightly
influenced the risk of a subsequent treatment in the rescue
treatment group. A small minority of our patients (9%) were
treated for a disease milder than that recommended by
ETROP guidelines, based on local ophthalmologist con-
sensus. Nine infants with persistence of active ROP in Zone
2 or 3 beyond a postmenstrual age of 44 weeks (smoul-
dering ROP) and 11 infants with Zone 2 posterior ROP
without plus disease received treatment. However, such
treatment patterns based on clinical judgement are reported
to be similarly prevalent in recent study cohorts [31]. While
refraction was routinely assessed at 18–24 months, visual
acuity was not assessed in the majority of these patients.
The dynamics of refraction are known to be variable until
2.5 years of age [32], yet, it remains highly likely that our
observations at 18–24 months bear a significant relationship
to future refractory outcome.

In summary, our study highlights the burden of refractive
abnormalities in infants exposed to rescue treatments for
ROP. There is a need for additional prospective studies of
long term visual outcomes of rescue treatment in large and
diverse neonatal cohorts.

Summary

What was known before

● Laser photocoagulation and anti VEGF agents are the
two most common modalities of primary treatment
for ROP.

Table 3 Visual outcomes at
18–24 months.

Single treatment group
(n= 129)

Rescue treatment group
(n= 45)

Odds ratio P value

Abnormal refractive
outcomea

27 (21%) 30 (67%) 7.56 (3.3–17.2) <0.001

Myopia (≥0.5 dioptres) 14 (11%) 22 (49%) 7.86 (3.54–17.5) <0.001

Very high myopia (≥5.00
dioptres)

2 (1.5%) 9 (20%) 15.9 (3.6–40.44) <0.001

Hyperopia (≥4 dioptres) 3 (2.3%) 3 (6.7%) 3.0 (0.66–13.5) 0.17

Astigmatism (≥2.00
dioptres)

14 (11%) 6 (13%) 1.26 (0.47–3.42) 0.65

Need for spectacles 10 (7.7%) 21 (47%) 10.4 (4.4–24.6) <0.001

Strabismus 4 (3.1%) 2 (4.4%) 1.45 (0–7.08) 0.67

Cortical visual impairment 3 (2.3%) 1 (2.2%) 0.95 (0–6.9) 0.97

Data expressed as n (%). P values are based on Fisher’s exact test.

Abnormal refractive outcome: presence of myopia (≥0.25 dioptres) or hyperopia (≥4.00 dioptres) or
astigmatism (>2.00 dioptres).
aOdds ratio, 95% confidence intervals and p value obtained using logistic regression with adjustment for
gestational age and Zone 1 ROP.
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● Recent multicentre studies have reported infants to have
received additional rounds of treatment, despite being
primarily treated for ROP.

What this study adds

● Extreme prematurity, early packed RBC transfusion and
zone 1 retinopathy predicted the need for additional
rescue treatment in preterm infants with treated ROP.

● Receipt of rescue treatment was associated with an
increased incidence of abnormal refractive outcomes
and the need for spectacles at 2 years of corrected age.
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