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Learning objectives

Upon completion of this activity, participants

will be able to:

1. Describe what was previously known about

the complications of retinopathy of prema-

turity and outcomes after treatment with

anti-vascular endothelial growth factor

agents, based on a retrospective study.

2. Discuss the prevalences of myopia and high

myopia after intravitreal injection of bevaci-

zumab for treatment of retinopathy of

prematurity.

3. Discuss the prevalences of emmetropia after

intravitreal injection of bevacizumab for

treatment of retinopathy of prematurity.
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Abstract

Purpose To evaluate the refractive outcomes

in children treated after intravitreal injection

of bevacizumab (IVB) for retinopathy of

prematurity (ROP).

Methods A retrospective, bi-centre study of

34 patients (64 eyes) was conducted. The

patients were divided into three groups,

patients received intravitreal IVB (IVB group),

patients received combined IVB and laser

treatment (IVBþLaser group), or patients

received lens-sparing vitrectomy (IVBþLSV

group). Cycloplegic refraction and axial length

(AXL) were evaluated at 2 years old.

Results The prevalences of myopia and high

myopia were 47.5 and 10.0% in the IVB group,

respectively, which were lower than those in

the IVBþLaser (82.4 and 29.4%) and IVBþLSV

(all 100%) groups (P¼ 0.001 and Po0.001). The

prevalences of emmetropia in the IVB group,

IVBþLaser group, and IVBþLSV group were

50, 5.9, and 0% (P¼ 0.001). The AXL were

similar among all groups.

Conclusions At the 2-year follow-up, severe

ROP patients treated with IVB alone were

more likely to remain emmetropic and had

lower prevalences of myopia and high

myopia. The development of high myopia in

severe ROP patients could not be explained

by AXL changes but may be associated with

abnormalities in the anterior segment.
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published online 8 August 2014

Introduction

Retinopathy of prematurity (ROP) is a

vasoproliferative retinopathy that involves the

developing retinas of premature infants. ROP is

a cause of major visual morbidity in children

and is responsible for up to 15% of all cases of

blindness in developed countries and up to 60%

of cases in middle-income countries.1

Since the 1980s, ablation using cryotherapy

and, subsequently, laser photocoagulation of the

peripheral avascular retina have been

considered to be the gold standards to reduce

the cicatricial sequelae of ROP.2 However, many

investigators have reported high prevalences of

myopia and high myopia in preschool- and

school-age children who received ablative

therapy.3–7 For these patients, it has been

reported that laser treatment for severe ROP

results in less myopia than cryotherapy.6

In the last several years, anti-vascular

endothelial growth factor (VEGF) agents have

emerged as a new treatment for ROP, and

promising experiences have been reported.8–10

However, only a few case series have reported

the refractive outcomes after the injection of an

anti-VEGF agent in these ROP patients.9–12

These reports showed lower prevalences of

myopia and high myopia in anti-VEGF-treated

patients than in laser-treated patients.9–12 The

refractive outcomes after anti-VEGF treatment

for ROP and in combination with laser or

vitrectomy have not been reported. The aim of

the current study aims to evaluate the refractive

changes in preterm infants with type 1 ROP 2

years after treatment with intravitreally injected

bevacizumab (Avastin; Genentech Inc., San

Francisco, CA, USA) (IVB), an anti-VEGF

antibody. Three groups of ROP patients after

IVB were analysed: the patients received IVB

only (IVB group), patients received combined

IVB and laser treatment (IVBþLaser group), or

patients received lens-sparing vitrectomy (LSV)

(IVBþLSV group).
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Subjects and methods

From August 2010 to November 2011, a retrospective

study was performed at two hospitals, the Linkou branch

of Chang Gung Memorial Hospital, Taoyuan, Taiwan and

Chang-Hua Christian Hospital, Chang-Hua, Taiwan.

Study protocols were approved by the review boards of

the two participating institutions and the procedures

used conformed to the tenets of the Declaration of

Helsinki.

The infants were screened for prematurity if their birth

weight (BW) was o1500 grams or their gestational age

(GA) o32 weeks. Infants who did not meet these criteria

but exhibited an unstable clinical course and required

cardiorespiratory support were also screened. The first

screening time point was at a postnatal age of 4–6 weeks,

and follow-up examinations were performed according

to the guidelines published by the American Academy of

Ophthalmology, American Academy of Pediatrics and

American Association for Pediatric Ophthalmology and

Strabismus.13 The findings were classified according to

the International Classification of ROP criteria.14

Infants who developed type 1 ROP defined by the

Early Treatment for ROP(ET-ROP) study were provided

the option of IVB or laser treatment after a thorough

discussion with their parents.15 The off-label use of IVB

as an alternative treatment to laser treatment was

explained to the parents. If the parents chose to treat their

child with IVB, a dose of 0.625mg (0.025ml)

bevacizumab was injected via the pars plicata under

intravenous sedation. If the ROP recurred or if there was

a lack of treatment response following IVB, additional

laser treatment to stop the progression of ROP was

offered. If the ROP failed to respond to laser treatment,

off-label use of IVB was used. Infants who progressed to

retinal detachment without macular involvement (stage

4A ROP) were treated with (LSV).

At 2 years of age, the patients were included in the

study if their ROP had regressed after treatment, their

retinas were found to be attached during the follow-up,

and they were cooperative during the refraction check-

up. Patients who were not able to undergo the

examinations, who developed any form of cataracts or

received cataract surgery, who developed cornea opacity,

who had stage 4B ROP or worse, or who developed

glaucoma were excluded.

Infants were evaluated for refractive errors and axial

length (AXL) at the age of 2. The infants’ eyes were

assessed to identify refractive errors 30min after

instilling 2% cyclopentolate and 1% tropicamide (two

instillations with an interval of 10min). A handheld auto-

refractometer (FR-5000; Grand Seiko Co., Ltd.,

Hiroshima, Japan) was used to evaluate the cycloplegic

refraction. The results were recorded in the form of

spherical, cylinder, astigmatism degree and axis, type of

astigmatism, and spherical equivalent (SE, spherical plus

half of the cylinder power). At least three measurements

were taken to obtain an average reading. Myopia was

defined as SE r� 0.25D, and high myopia was defined

as SE r� 5.00D.5 High astigmatism was defined as

minus cylinder form 41.50D. Emmetropia was defined

as SE 4� 0.25D but o2D. For the analysis of the axis of

astigmatism, three classes were recorded—‘with the rule’

(WTR): cylinder at 01 to 301 or 1501 to 1801; ‘against the

rule’ (ATR): cylinder at 601 to 1201; and ‘oblique type’:

cylinder at 311 to 591 or 1211 to 1491.16 Measurements of

the AXL were obtained with an optical coherence

biometer (IOL Master; Carl Zeiss, Jena, Germany). The

patients were divided into those who received IVB only

and whose ROP responded well to this treatment (IVB

group), those who received both IVB and laser treatment

due to the recurrence of ROP or a lack of response to a

single treatment (IVBþLaser group), and those who also

received a vitrectomy for retinal detachment associated

with ROP (IVBþLSV group).

The statistical analysis was performed using SPSS 17

for Windows 7 (SPSS, Inc., Chicago, IL, USA). For the

comparison of the three groups, the numerical data were

analysed using the Kruskal–Wallis test, and the

categorical data were analysed using Fisher’s exact test.

Two-tailed P-values of o0.05 were considered to be

statistically significant.

Results

Patient characteristics

At the two clinical sites, 45 patients with type 1 ROP

history presented for ocular examinations at 2 years old.

Eight eyes of five patients developed cataracts and were

treated with surgery; three eyes of three patients were

subjected to vitrectomy-assisted lensectomy; and four

eyes of three patients had stage 4B or five ROP. These

eyes were excluded from the present study. None of

the eyes developed corneal opacity or glaucoma. In total,

34 patients (20 boys and 14 girls; 64 eyes) met the study’s

inclusion criteria and were enrolled. The final data

analysis was performed for 40 eyes that received IVB

only (IVB group), 17 eyes that had combined IVB and

laser ablative treatment (IVBþLaser group), and 7 eyes

that had advanced to stage 4A ROP and were treated

with a vitrectomy (IVBþLSV group).

The mean GA of the patients was 26.4±2.3 weeks

(range, 23 to 32 weeks). The mean BWof the patients was

882.2±265 grams (range, 520 to 1625 grams). Five eyes

(7.8%) developed stage 2 ROP, 52 eyes (81.3%) developed

stage 3 ROP, and 7 eyes (10.9%) developed stage 4A ROP.

There were 11 eyes (17.2%) that developed zone 1 ROP.
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The mean postmenstrual age (PMA) at the time of first

treatment with IVB was 35.0±2.8 weeks (range, 31.2 to

44.1 weeks). The mean GA was significantly different

among the groups (P¼ 0.012), but the mean BW was

similar among the groups (P¼ 0.103). The demographic

information for all patients was presented in Table 1.

Refraction outcomes at 2 years

The average refractive errors of patients at 2 years old in

the IVB, IVBþLaser, and IVBþLSV groups were

� 0.98±4.05 D (range, � 15.6 to 5.5 D), � 2.40±3.13 D

(range, � 7.6 to 2.9 D), and � 14.38±6.02 D (� 21.8 to

� 8.1 D), respectively (Po0.001) (Table 2). Myopia (SE

r� 0.25 D) was observed in 19 eyes (47.5%) in the IVB

group, 14 eyes (82.4%) in the IVBþLaser group, and 7

eyes (100%) in the IVBþLSV group (P¼ 0.001). Four eyes

(10%) in the IVB group, five eyes (29.4%) in the

IVBþLaser group, and seven eyes (100%) in the

IVBþLSV group were discovered to have high myopia

(SEr� 5.00 D) (Po0.001) (Table 2). Fewer patients in the

IVB group developed myopia and high myopia. The

prevalence of emmetropia (SE 4� 0.25D but o2D) was

also the highest in the IVB group (P¼ 0.001). Twenty eyes

(50%) in the IVB group, one eye (5.9%) in the IVBþLaser

group, and none of the eyes in the IVBþLSV group

developed emmetropia (Table 2).

The average levels of astigmatism of these patients at 2

years old were similar: 2.23±1.53 D, 2.32±1.10 D, and

3.11±1.54 D in the IVB, IVBþLaser, and IVBþLSV

groups, respectively. There were also no significant

differences between the percentages of high astigmatism

(41.5D) in the different groups (Table 2). Astigmatism

was further categorised into the WTR, ATR, and oblique

types for further analysis. In IVB patients, 34 eyes (85%)

developed WTR astigmatism. Sixteen eyes (94.1%) in the

IVBþLaser group and six eyes (85.7%) in the IVBþLSV

group also developed WTR astigmatism. These results

are shown in Table 2. Most patients developed WTR

astigmatism, and no significant differences among

groups were discovered.

Table 2 shows the AXL measurements at 2 years old.

The average measurements for the AXL were 21.30±

0.78mm (range, 19.76 to 23.10mm), 21.44±1.44mm

(range, 19.25 to 24.68mm), and 21.85±1.52mm

(range, 20.35 to 23.77mm) for the IVB, IVBþLaser, and

IVBþLSV groups, respectively. There were no

differences found among the groups.

Discussion

We found lower prevalences of myopia and high myopia

at 2 years in the IVB group than in the IVBþLaser and

IVBþLSV groups (P¼ 0.001 and Po0.001). The

prevalence of emmetropia was also higher among the

patients who were treated with IVB only (P¼ 0.001). The

prevalence of astigmatism was similar among groups,

and most of the study eyes had WTR astigmatism. The

AXL measurements at 2 years old were similar.

Currently, there are only three case series and one case

report that discuss the refractive changes after the use of

IVB.9,10,12,17 To the best of our knowledge, this is the

largest study cohort to examine refraction composition in

infants who received IVB-based treatment. Previous

Table 1 Demographic information for the treated ROP patients

IVB group IVBþ laser group IVBþ LSV group P-value

Eyes (n) 40 17 7
Patients (n) 20 9 5
Male/female (n) 10/10 6/3 4/1 0.439a

GA (weeks) (mean±SD) 26.6±1.7 24.7±2.2 28.6±2.9 0.012b

BW (grams) (mean±SD) 879.0±212.5 732.4±127.4 1164.2±427.2 0.103b

Follow-up time (months) 30.2±9.7 28.6±5.5 38.6±15.5 0.262b

Neonatal ROP, highest stage
2 n (%) 5 (12.5) 0 (0.0) 0 (0.0)
3 n (%) 35 (87.5) 17 (100.0) 0 (0.0)
4A n (%) 0 (0.0) 0 (0.0) 7 (100.0)

Treatment age (mean±SD)
IVB (PMA week) 35.9±2.8 33.1±3.1 38.1±2.5 0.010b

Laser (PMA week) 35.0±2.7 34.4±2.3 0.571b

LSV (PMA week) 39.1±3.1

Abbreviations: BW, birth weight; GA, gestational age; IVB, intravitreal injection of bevacizumab; LSV, lens-sparing vitrectomy; PMA, postmenstrual age;

ROP, retinopathy of prematurity; SD, standard deviation.

P-value calculated using the
aKruskal–Wallis test.
bFisher’s exact test.
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studies only reported the refractive outcomes after IVB or

the non-comparative outcomes after IVB or laser

treatment.9,10,12,17

Many authors have stated that myopia occurs

frequently in infants who develop ROP and increases with

the severity of the ROP.5,6 The refractive error

abnormalities of ROP patients have been found to present

early in infancy and persist into adulthood.16 However,

myopia and high myopia occurred more frequently after

pre-threshold or threshold ROP patients were treated with

peripheral laser therapy. The reported rates range from

55.2 to 80.4% and 23.9 to 31.5%, respectively (Table 3).3,4,6

The reported rates of myopia and high myopia were even

higher in patients treated with cryotherapy, ranging from

82.9 to 92.0% and 32.0 to 52.5%, respectively (Table 3).5–7

In the current study, the percentages of patients with

myopia and high myopia among IVB-treated patients

were 47.5 and 10.0%, respectively, which are less than the

previously reported percentages for patients treated with

laser treatment or cryotherapy.

Table 3 Refractive outcomes after various treatments for high-risk pre-threshold or threshold retinopathy of prematurity

Author (Reference) Publication
date

Country Number of
eyes

Treatment Mean age
at examination

(years)

Mean SE
(D)

Myopia
(%)

High
myopia (%)

Mean AXL
(mm)

Algawi7 1994 UK 25 Cryotherapy 1 � 3.51 92.0 32.0 NA
Quinn5 1998 America 128 Cryotherapy 3.5 NA 82.9 49.6 NA
Sahni6 2005 UK 40 Cryotherapy 3 � 6.5 NA 52.5 NA
Sahni6 2005 UK 81 Laser 3 � 2.43 NA 29.6 NA
Dhawan4 2008 India 184 Laser 2 � 4.71 80.4 31.5 NA
Axer-Siegel3 2008 Israel 134 Laser 2.9 � 1.5 55.2 23.9 NA
Harder9 2012 Germany 12 IVB 0.88 0.64 NA NA NA
Martinez-Castellanos17 2013 Mexico 9 IVB 2 � 1.00 55.6 11.1 22.39
Harder BC10 2013 Germany 23 IVB 1 � 1.04 NA 17.0 NA
Current study 2013 Taiwan 40 IVB 2 � 0.98 47.50 10.0 21.30
Current study 2013 Taiwan 17 IVBþ laser 2 � 2.40 82.4 29.4 21.85

Abbreviations: AXL, axial length; D, dioptres; IVB, intravitreal injection of bevacizumab; NA, not available; SE, spherical equivalent; UK, United

Kingdom.

Table 2 Comparisons of the refractive errors and optical components among the three groups of patients at 2 years old

IVB group (n¼ 40) IVBþLaser group (n¼ 17) IVBþLSV group (n¼ 7) P-value

Spherical equivalent (D) o0.001a

Mean±SD � 0.98±4.05 � 2.40±3.13 � 14.38±6.02
Median (range) � 0.13 (� 15.6 to 5.5) � 1.50 (� 7.6 to 2.9) � 11.25 (� 21.8 to � 8.1)
Myopia n (%) 19 (47.5) 14 (82.4) 7 (100.0) 0.001b

High myopia n (%) 4 (10.0) 5 (29.4) 7 (100.0) o0.001b

Emmetropia n (%) 20 (50.0) 1 (5.9) 0 (0.0) 0.001b

Astigmatism (D) 0.291b

Mean±SD 2.23±1.53 2.32±1.10 3.11±1.54
Median (range) 1.88 (0.3 to 6.8) 2.50 (0.50 to 4.80) 2.50 (1.5 to 6.0)
High astigmatism n (%) 26 (65.0) 14 (82.4) 7 (100.0) 0.097b

Astigmatism type 0.681b

WTR (%) 34 (85.0) 16 (94.1) 6 (85.7)
ATR (%) 2 (5.0) 0 (0.0) 1 (14.3)
Oblique (%) 4 (10.0) 1 (5.9) 0 (0.0)

Axial length (mm) 0.850a

Mean±SD 21.30±0.78 21.44±1.44 21.85±1.52
Median (range) 21.32 (19.76 to 23.10) 21.31 (19.25 to 24.68) 21.77 (20.35 to 23.77)

Abbreviations: ATR, against-the-rule astigmatism; D, dioptres; IVB, intravitreal injection of bevacizumab; LSV, lens-sparing vitrectomy; SD, standard

deviation; SE, spherical equivalent; WTR, with-the-rule astigmatism.

Myopia was defined as SE r� 0.25 D. High myopia was defined as SE r� 5.00 D. High astigmatism was defined as minus cylinder form 41.50 D.

Emmetropia was defined as SE 4� 0.25 D but o2 D.

P-value calculated using the
aKruskal–Wallis Test.
bFisher’s exact test.
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Few investigators have reported the refractive

outcomes after the use of IVB (Table 3). The reported

mean SE was between � 1.04 to 0.64D between 1 and 2

years old, which was similar to that of our patients who

were treated with IVB only (� 0.98D).9,10,17 Our study

and other case series found a lower SE in patients treated

with IVB than in patients treated with cryotherapy

(range, � 6.5 to � 3.51 D) or with laser peripheral

ablative therapy (range, � 4.71 to � 1.50 D).3–7 Our

prevalences of myopia and high myopia are also similar

to those of preschool-age patients in a recent case series

who were treated with IVB only (55.6% and 11.1 to

17.0%) (Table 3).9,10,17

In the current study, the prevalences of myopia and

high myopia increased significantly with the severity of

ROP but were not associated with AXL changes. It is

commonly understood that eyes treated with

cryotherapy and peripheral laser photocoagulation are

more myopic. However, the role of these treatments in

the development of myopia is controversial. Many

investigators have reported that cryotherapy and laser

ablation may not increase the risk of myopia after

controlling for the severity of ROP.5,7

Some studies have also found similar AXL

measurements in patients with different severities of

ROP.18,19 It is now recognised that ROP and prematurity-

induced myopia cannot be fully explained by increased

AXL and that anterior segment arrest contributes to the

increased myopia observed in these conditions. Many

investigators have reported that ROP eyes have

significantly steeper corneal curvatures, shallower

anterior chamber depths, greater lens thicknesses, and

increased macular thicknesses.18,19 Our results further

indicate that the high refractive errors in patients with

additional laser treatment or LSV were not due to an

increase in the AXL. It is most likely that the refractive

errors of these patients are due to abnormalities in the

anterior segment. Unfortunately, our study design did

not include other biometric measures such as cornea

curvature, anterior chamber depth, or lens thickness

because these measurements require the cooperation of

these young children.

Several theories have been suggested to explain the

biometric changes observed in myopia of prematurity

after LSV. Vitrectomy surgery in ROP patients may

compromise the ocular perfusion pressure, leading

to retinal and choroidal ischaemia and further

damage to the retina and optic nerve.20 Holz reported

that eyes subjected to LSV may exhibit disrupted

emmetropisation due to trophic factor changes.21

If these factors are involved with the development

of cornea collagen or lens protein, LSV could induce

refractive errors in the eyes by changing the levels of

these trophic factors. Further study is still needed to

explore the cause of high refractive errors after LSV in

these ROP patients.

Previous studies found high astigmatism with

divergent axes in children with a history of ROP.18,22

Holmström observed that the ATR type of astigmatism

was more common in ROP patients.22 Another study of

a cohort of subjects between 7 and 9 years old found

that of the 44% of patients with ROP among 108 children

with a history of prematurity, 70% had WTR

astigmatism.18 In the present study, most children

developed WTR astigmatism. Further study will be

required to determine the reasons for this difference. A

new finding of our study is that the majority of patients

who received IVB treatment developed WTR

astigmatism, a result that has not been previously

reported in the literature.

Our study is limited by small number of patients

enrolled, the retrospective study design, no retinoscopy

performed in the patients, none of the patients who

received laser treatment as mono-therapy returned to

clinics for the 2-year-old follow-up, and therefore there

was a lack of biometric measurements. Despite these

limitations, this study may still provide useful

information on ROP patients who were treated with IVB-

based therapy.

In conclusion, our bi-centre study confirmed that there

are lower prevalences of myopia and high myopia and a

higher prevalence of emmetropia in children with type 1

ROP who were treated with IVB. Most of the patients

developed WTR astigmatism. The development of high

myopia in severe ROP patients was not due to AXL

changes and was most likely related to abnormalities in

the corneal curvature, anterior chamber depth, and lens

thickness.

Summary

What was known before

K Anti-vascular endothelial growth factor (VEGF) agents
have emerged as a promising treatment for retinopathy of
prematurity. However, only a few case series have
reported the refractive outcomes after the injection of an
anti-VEGF agent in these retinopathy of prematurity
patients.

What this study adds

K Our study discovered that patients with type 1
retinopathy of prematurity (ROP) treated with intravitreal
bevacizumab are more likely remain emmetropia and less
likely to develop myopia or high myopia at the age of
two. Most of the patients developed with the rule type of
astigmatism. The development of high myopia in severe
ROP patients could not be explained by axial length
changes but may be associated with abnormalities in the
anterior segment.
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1. Your patient is a premature infant with ROP.

According to the retrospective study by Chen and

colleagues, which of the following statements about

the complications of ROP and previous research on

outcomes after treatment with anti-vascular endothe-

lial growth factor (anti-VEGF) agents is correct?

A In developed countries, ROP accounts for not 45% of
all cases of blindness

B In middle-income countries, ROP accounts for not
425% of all cases of blindness

C In a few case series, prevalences of myopia and high
myopia in patients treated with anti-VEGF agents were
lower than in patients treated with laser therapy

D Refractive outcomes after anti-VEGF treatment of ROP
and in combination with laser or vitrectomy have been
well studied

2. According to the retrospective study by Chen and

colleagues, which of the following statements about

the prevalences of myopia and high myopia after

intravitreal IVB for treatment of ROP is correct?

A Prevalences of myopia and high myopia were higher in
the IVB group than in the IVBþ laser group

B Prevalences of myopia and high myopia were higher in
the IVB group than in the IVBþLSV group

C Axial length in the IVB group was significantly higher
than in the IVBþ laser group

D Development of high myopia in patients with severe
ROP could not be explained by AXL changes but may
be associated with anterior segment abnormalities

3. According to the retrospective study by Chen and

colleagues, which of the following statements about

the prevalences of emmetropia after IVB treatment of

ROP would most likely be correct?

A Emmetropia was present in half the patients in the IVB
group

B Emmetropia was present in 20% of the patients in the
IVBþ laser group

C Emmetropia was present in 10% of the patients in the
IVBþLSV group

D Differences in emmetropia among the groups were not
statistically significant

Activity evaluation

1. The activity supported the learning objectives.
Strongly disagree Strongly agree

1 2 3 4 5
2. The material was organised clearly for learning to occur.
Strongly disagree Strongly agree
1 2 3 4 5

3. The content learned from this activity will impact my practice.
Strongly disagree Strongly agree
1 2 3 4 5

4. The activity was presented objectively and free of commercial
bias.
Strongly disagree Strongly agree
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