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Abstract
● AIM: To evaluate foveal vessel density (VD) and foveal 
thickness using optical coherence tomography angiography 
(OCTA) in retinopathy of prematurity (ROP) children treated 
with laser photocoagulation or anti-vascular endothelial 
growth factor (VEGF) injection. Additionally, we assessed the 
relationship between foveal microvascular anomalies and 
different therapies in ROP children.
● METHODS: This was a single-center, retrospective study 
of patients with a diagnosis of type 1 ROP. Twenty-three eyes 
(14 patients) treated with anti-VEGF injection and twenty-
nine eyes (17 patients) treated with laser coagulation were 
included in this study. The foveal VD, inner thickness and 
full thickness were measured at the central 0°, 2° to 8°, 
and 8° of the retina (centered on the fovea) using OCTA and 
cross-sectional OCT, respectively.
● RESULTS: Foveal VD, inner thickness and full thickness 
were significantly smaller within the central 8° of the 
retina in ROP children treated with anti-VEGF injection than 
in those treated with laser photocoagulation (P=0.013, 
0.009, 0.036, respectively). The full thickness was also 
smaller in the anti-VEGF group than in the laser group at 
the central 0° of the retina (P=0.010). The grade of foveal 

hypoplasia is lower in the anti-VEGF group than in the laser 
group (P=0.045). Multivariable analysis did not find any risk 
factors associated with visual acuity in our study.
CONCLUSION: In children with type 1 ROP, the better 
structural development of fovea in those who were 
treated with anti-VEGF injection compared with laser 
photocoagulation are identified. However, visual acuity 
outcomes are similar 70mo after the treatments. 
● KEYWORDS: retinopathy of prematurity; optical coherence 
tomography angiography; anti-vascular endothelial growth 
factor; laser photocoagulation
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INTRODUCTION

I n infants, retinopathy of prematurity (ROP) is a common 
disease and the leading cause of childhood blindness[1]. 

Although the reported incidence of ROP varies widely, a 
higher proportion of preterm infants are affected by ROP 
in low-income and middle-income countries than in high-
income countries[1-2]. ROP has been reported to occur in 26%-
29.2% of very low-birth-weight (VLBW) infants in China 
and Singapore[3-4]. Due to the development of reproductive 
technologies and preterm care facilities, the preterm birth rate 
is increasing along with the survival rate[5]. Thus, prevention, 
screening, treatment, and long-term monitoring are crucial for 
better visual outcomes to guarantee patient quality of life.
Recently, a few studies have revealed that the foveal avascular 
zone (FAZ) is significantly smaller and that foveal microvascular 
anomalies can be observed in patients with ROP guided by 
optical coherence tomography angiography (OCTA)[6-7]. Chen et 
al[8] identified obvious foveal microvascular anomalies as well 
as higher foveal vessel density (VD) and foveal thickness in 
subjects measured by OCTA and optical coherence tomography 
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(OCT). The studies mentioned above all affirm that OCTA is 
a useful noninvasive technology for the visualization of the 
microvascular structure of the fovea.
Laser photocoagulation is still recommended as the “gold 
standard” treatment for ROP[6], while anti-vascular endothelial 
growth factor (VEGF) therapy has gradually become an 
innovative therapy in this disease[9]. However, the potential 
systemic effects and long-term ocular effects of these 
treatments are not fully understood[10-12]. In school-aged 
children, laser-treated eyes had a smaller FAZ, higher foveal 
VD and thicker inner retinal thickness than was found in eyes 
treated with anti-VEGF[13]. Most previous studies have focused 
on the effect of laser photocoagulation therapy on foveal 
structural changes. The role of anti-VEGF therapy on the 
foveal structure has not been fully evaluated. 
Thus, the purpose of our study was to evaluate foveal VD 
and thickness using OCTA in ROP children treated with laser 
photocoagulation and anti-VEGF injection. Additionally, 
we assessed the relationship between foveal microvascular 
anomalies and different therapies in ROP children.
SUBJECTS AND METHODS
Ethical Approval  This was a single-center, retrospective study 
of patients with a diagnosis of type 1 ROP who had received 
an OCTA examination in the Department of Ophthalmology, 
Peking University People’s Hospital from January 1, 2019, to 
December 31, 2019. Research followed the principles of the 
Declaration of Helsinki. Ethical approval was obtained from 
the Institutional Review Board/Ethics Committee of Peking 
University People’s Hospital. The trial registration number was 
2017PHB179-01. Informed consents were obtained from all 
subjects and the participants didn’t receive a stipend.
Patients  The inclusion criteria were as follows: 1) Patients 
with a diagnosis of ROP; 2) Patients treated with laser or anti-
VEGF injection once without further supplementation; 3) 
Patients who received OCTA examination after laser therapy 
or anti-VEGF injection during the study period. The exclusion 
criteria were as follows: 1) Patients who received supplemental 
laser therapy or anti-VEGF injection; 2) Patients who received 
therapies other than laser therapy or anti-VEGF injection 
during the follow-up period; 3) Patients with high refractive errors 
(myopia of more than 6 diopters), cataracts, glaucoma, uveitis, 
other retinal diseases or ocular trauma; 4) Patients who could 
not cooperate during the OCTA exam, resulting in poor image quality.
The stage, zone, circumferential extent and presence or 
absence of plus disease, the indications for treatment and the 
treatment protocol were determined by two experienced retinal 
specialists according to the International Classification of 
Retinopathy of Prematurity[14]. All the eyes were type 1 [the early 
treatment for retinopathy of prematurity (ETROP)] which met 
the indication for early treatment according to the ETROP 

study[15]. Generally, eyes with Zone I or posterior Zone II 
lesion were treated with anti-VEGF injection, while eyes with 
anterior Zone II lesion or anterior fibrovascular ridge were 
treated with laser therapy.
The anti-VEGF agents used were either conbercept (Chengdu 
Kanghong Biotechnologies Co. Ltd., China) or ranibizumab 
(Lucentis; Novartis, Basel, Switzerland). The doses of both 
regimens were 0.25 mg (0.025 mL) for one intravitreal 
injection placed 1.5 mm posterior to the limbus. Patients in the 
laser group were treated with a diode laser (810 nm, Iris OcuLight 
Tx, Clinico Co. Ltd., Shanghai, China) photocoagulation.
All recruited patients underwent a complete followed-up 
ophthalmologic evaluation during the study period, including 
best-corrected visual acuity (BCVA) using Snellen charts, 
intraocular pressure, dilated indirect fundus biomicroscopy, 
OCTA and cross-sectional OCT. 
Optical Coherence Tomography Angiography  OCTA 
images were scanned in both eyes of all patients recruited 
into the study using an RT XR Avanti system (Optovue Inc., 
Fremont, CA, USA) with Angiovue software. This instrument 
uses an 840-nm superluminescent diode at an A-scan rate of 70 000 
scans per second. In this study, the scanning area was 3×3 mm2 
and consisted of 304×304 A-scans centered on the fovea. Real-
time eye tracking was used to corrected eye drift and reduce 
motion artifacts. Foveal VD was measured at the central 0°, 
2° to 8°, and 8°, of the retina (centered on the fovea). Foveal 
VD (%) was defined as the percentage of the area of interest 
that was occupied by the autosegmented superficial capillary 
plexus and was calculated automatically by the software. The 
inner thickness and the full thickness were also automatically 
measured by the instrument software.
Structural Optical Coherence Tomography  OCT was 
performed with the same instrument. The inner thickness and 
full thickness were measured at the central 0°, 2° to 8°, and 
8° of the retina (centered on the fovea). The inner thickness 
was defined as the distance from the inner limiting membrane 
(ILM) to the inner plexiform layer (IPL). The full thickness of 
the inner boundary was segmented at the ILM with the outer 
boundary set as the retinal pigment epithelium (RPE). The 
grades of foveal hypoplasia were assessed using OCT line scan 
through the foveal center. The grading criteria was: normal 
(grade 0); absence of extrusion of plexiform layers (grade 1); 
grade 1 plus absence of foveal depression (grade 2); grade 2 
plus absence of outer segment lengthening (grade 3); grade 3 
plus absence of outer nuclear layer widening (grade 4)[16-17].
Statistical Analysis  All statistical analyses were two-sided. 
P values less than 0.05 were considered statistically significant. 
Statistical analyses were conducted with SPSS 25.0 software 
(IBM SPSS, Chicago, IL, USA). The logMAR equivalents was 
used to represent the BCVA for further analysis.
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Comparisons of baseline numeric variables (such as age, 
gestational age and birth weight) between groups were 
performed with independent sample t‐tests or Wilcoxon rank 
sum tests. Comparisons of categorical variables (such as sex) 
between groups were analyzed with the Chi‐square test.
Student’s t-test was used to detect differences in foveal VD, 
inner thickness and full thickness between the anti-VEGF 
group and the laser group. Meanwhile, the difference in the 
grade of foveal hypoplasia between two groups was analysed 
with the Chi‐square test. The means of BCVA and refraction 
were compared by Mann-Whitney U tests.
The associations between BCVA (logMAR) and potential 
risk factors, including gestational age, birth weight, foveal 
VD, inner thickness, and full thickness, were calculated with 
univariate linear regression and multivariate linear regression.
RESULTS
Totally 52 eyes of 29 consecutive patients receiving either laser 
photocoagulation or anti-VEGF injection were included during 
the study period. Totally 23 patients were diagnosed with 
bilateral ROP, while 6 patients were diagnosed with unilateral 
ROP. Twenty-three eyes of 14 patients (8 boys, 6 girls; mean 
age 5.39±0.24y) were included in the anti-VEGF group. In 
addition, 29 eyes of 17 patients (9 boys, 8 girls; mean age 
6.78±0.47y) were included in the laser group. There was no 
significant difference between the two groups with regard for 
gestational age (30.1±1.9 vs 30.4±2.3wk, P=0.749) and birth 
weight (1417.7±387.1 vs 1445.2±414.6 g, P=0.865). Totally 
48 eyes in the study developed ROP stage 3 in Zone II with 
plus disease. One eye was classified as ROP stage 3 in Zone I 
with plus disease and 1 eye as ROP stage 4 in Zone I with plus 
disease in the anti-VEGF group. There was 1 eye with stage 2 
in Zone II with plus disease of ROP in the anti-VEGF group, 
as well as in the laser group. The mean time interval between 
the therapy and the OCTA examination was 70.1±18.4mo. The 
detailed baseline characteristics of the patients in both groups 
are shown in Table 1. 
The foveal VD, inner thickness (ILM-IPL) and full thickness 
(ILM-RPE) were measured at the central 0°, 2° to 8°, and 
8° of the retina (centered on the fovea) using OCTA. The 
results of the OCTA findings between the two groups are 
shown in Table 2. The foveal VD within the central region 
analyzed at 0° and 2° to 8° was similar between the two groups 
(P=0.141, 0.097). However, the foveal VD at the central 
8° of the eyes was significantly smaller in the anti-VEGF 
group (46.2%±3.7%) than in the laser group (48.8%±3.5%; 
P=0.013). The inner thickness (ILM-IPL) within the central 
region analyzed at 0° and from 2° to 8° was not significantly 
different between the two groups (P=0.979, 0.884). The inner 
thickness at the central 8° was 93.0±9.2 µm in the anti-VEGF 
group and 99.6±8.5 µm in the laser group, and this difference 

was significant (P=0.009). The full thickness at the central 0° 
and 8° was 258.4±13.1 µm and 276.5±14.0 µm respectively, 
in the anti-VEGF group, and these values were significantly 
lower than those found in the laser group (272.2±23.6 µm 
and 284.4±12.4 µm, respectively; P=0.010 and 0.036, 
respectively). The full thickness within the central 2° to 8° 
was almost the same between the two groups (P=0.887). 
Representative OCTA images and OCT images of both groups 
are shown in Figures 1 and 2.
The grade of foveal hypoplasia is lower in the anti-VEGF 
group than in the laser group with significant difference 
(P=0.045; Table 3).
The mean spherical equivalent in both groups were -0.9±2.1 
and -0.2±2.1, respectively (P=0.310). The mean BCVA in 
logMAR was similar between two groups (0.15±0.19 vs 
0.20±0.17, P=0.196). The data for refraction and BCVA were 
shown in Table 4.

Table 1 Baseline characteristic of patients

Parameters Total Anti-VEGF 
group Laser group P

Patients (n) 29 14 17
Eyes (n) 52 23 29
Sex (M/F) 17/12 8/6 9/8 0.815
Age (y) 6.16±0.30 5.39±0.24 6.78±0.47 0.095
GA (wk) 30.2±2.1 30.1±1.9 30.4±2.3 0.749
BW (g) 1490.8±506.0 1417.7±387.1 1445.2±414.6 0.865
Stage 0.515

2 2 1 1
3 49 21 28
4 1 1a 0

Zone 0.191
I 2 2 0
II 50 21 29

Plus/no plus 52 23/0 29/0 -
Follow (mo) 70.1±18.4 63.6±12.1 75.8±20.5 0.125

GA: Gestational age; BW: birth weight. aThe patient was ROP stage 
4a (without the involvement of macula) in Zone I with plus disease.

Table 2 Comparisons of optical coherence tomography angiography 
findings between the anti-VEGF group and the laser group

Parameters The anti-VEGF 
group (n=23)

The laser group 
(n=29) P

Foveal VD (%)
0° 26.9±5.9 30.3±9.8 0.141
2°-8° 47.7±4.7 49.8±4.4 0.097
8° 46.2±3.7 48.8±3.5 0.013

Inner thickness (ILM-IPL, μm)
0° 59.0±6.9 58.9±12.1 0.979
2°-8° 103.0±8.8 102.4±16.1 0.884
8° 93.0±9.2 99.6±8.5 0.009

Full thickness (ILM-RPE, μm)
0° 258.4±13.1 272.2±23.6 0.010
2°-8° 313.8±15.0 314.3±13.9 0.887
8° 276.5±14.0 284.4±12.4 0.036

Foveal VD: foveal vessel density; ILM: Inner limiting membrane; 
IPL: Inner plexiform layer; RPE: Retinal pigment epithelium.
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Univariate linear regression found that BCVA (logMAR) 
was associated with gestational age (P=0.004), birth weight 

(P=0.021) and foveal VD at the central 0° (P=0.035). 
However, after multivariate linear analysis, BCVA (logMAR) 

Figure 1 Optical coherence tomography angiography image of radial retinal vessels from superficial level to deep level (A-D) and cross-
sectional OCT (E, F) in the anti-VEGF group  The foveal VD, inner thickness (ILM-IPL) and full thickness (ILM-RPE) were automatically 
measured within the central 0°, 2° to 8°, and 8° of the retina (centered on the fovea).

Figure 2 Optical coherence tomography angiography image of radial retinal vessels from superficial level to deep level (A-D) and cross-
sectional OCT (E, F) in the laser group  The foveal VD, inner thickness (ILM-IPL) and full thickness (ILM-RPE) were automatically 
measured within the central 0°, 2° to 8°, and 8° of the retina (centered on the fovea).
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was not statistically associated with the three factors obtained 
from univariate linear regression (P=0.163, 0.671, and 0.579, 
respectively; Table 5).
DISCUSSION
Our results show that the foveal VD, inner thickness and full 
thickness at the central 8° were significantly smaller in patients 
treated with anti-VEGF injection than in those treated with 
laser therapy. Moreover, the full thickness at the central 0° was 
higher in the laser group than in the anti-VEGF group.
OCTA is a new technological breakthrough that is ideal for 
evaluating structural changes in the retina and vitreous[18] 
and detecting vascular anomalies[18-20] in ROP. Clinically, 
OCTA is a noninvasive technology which can provide high-
resolution images layer by layer[21] without the requirement 
for fluorescein dye injection. To date, only a few studies have 
used OCT and OCTA to investigate the FAZ and the structural 
changes that occur in the fovea and vessels[6-8].
During the development of foveal, retinal ganglion cells 
centrifugally migrated away from the center with the centripetal 
migration of cone cell nuclei[22]. No foveal blood vessels are 
present during this process[23]. The reported crucial period for 
the development of the fovea is 24 to 27wk of gestation[24], 
and its development continues in childhood, with anatomic 
changes until approximately 17mo postmenstrual age[25-26]. 
The observable markers of foveal development involves the 
presence or absence of retinal layers and the alternation of 
the thickness of retinal layers[27]. There is substantial evidence 
indicating that patients with immaturity show persistent inner 
retinal layers and well-developed outer retinal layers[28-29]. 
The outer retina seems to continue to develop during the 
postnatal period and achieve a normal structure[24]. Because of 
the independent development of the inner and outer layers, it 
has been suggested that the inner and outer layers should be 
measured separately[27]. Thus, we adopted both inner thickness 
and full thickness as parameters in our study. Rosén et al[30] 
revealed that anatomical alterations are present in the fovea 
in preterm children born before a gestational age of 27wk. 
Foveal depth was reduced and showed incomplete extrusion 
of the inner retinal layers, although the outer part of the fovea 
developed normally.
ROP is a vasoproliferative disorder mediated by VEGF[31]. 
Ablation of the avascular retina by laser photocoagulation is 
an effective therapy for ROP[32]. Recently, intravitreal anti-
VEGF, applied as monotherapy or in combination with 
laser, has been applied in ROP children around the world[33]. 
However, our understanding of the effects of both treatments 
on the development of the fovea have not been fully described. 
Compared with spontaneous regression and no history of 
ROP, laser photocoagulation and cryotherapy have been 
reported to be related to a higher incidence of abnormal foveal 

development, including a thicker fovea with retention of the 
inner retinal layers and an intact outer layer and poorer visual 
acuity[34]. Another study of 10 premature infants with type 1 
ROP treated with intravitreal ranibizumab showed that the 
mean central foveal thickness was higher at 1wk after the 
injection but then decreased until 2mo after injection[35]. The 
central foveal thickness was significantly different between 
before and at 1wk and 2mo after injection. Lepore et al[36] 
conducted a randomized controlled study of infants with 
type 1 zone I ROP. Their results showed that more vascular 
and macular abnormalities were observed in the bevacizumab 
group than in the laser group at the 9-month follow-up 
after treatment. Furthermore, at 4y of age, fewer macular 
abnormalities were present after treatment with bevacizumab 
than after laser treatment[37]. Local suppression of the level of 
VEGF by laser therapy may have a lesser influence than anti-

Table 3 Comparisons of the grading of foveal hypoplasia between 
the anti-VEGF group and the laser group                                 n (%)

Grade The anti-VEGF group 
(n=23)

The laser group 
(n=29) P

0 18 (78.3) 13 (44.8) 0.045
1 5 (21.7) 15 (51.7)
2 0 1 (3.4)

VEGF: Vascular endothelial growth factor.

Table 4 Refractive errors and BCVA between the anti-VEGF 
group and the laser group

Parameters The anti-VEGF 
group (n=23)

The laser 
group (n=29) P

Spherical equivalent (D) -0.9±2.1 -0.2±2.1 0.310
BCVA (logMAR) 0.15±0.19 0.20±0.17 0.196

D: Diopters; BCVA: Best-corrected visual acuity; VEGF: Vascular 
endothelial growth factor.

Table 5 Univariate and multivariate regression analysis for 
factors correlated with BCVA 

Parameters Univariate 
coefficient P Multivariate 

coefficient P

GA -0.032 0.004 -0.024 0.163
BW 0.000 0.021 -0.000029 0.671
Foveal VD
0° 0.006 0.035 0.002 0.579
2°-8° 0.001 0.835
8° 0.001 0.895

Inner thickness
0° 0.005 0.053
2°-8° -0.001 0.723
8° -0.002 0.409

Full thickness
0° 0.001 0.505
2°-8° -0.003 0.122
8° -0.003 0.159

BCVA: Best-corrected visual acuity; GA: Gestational age; BW: Birth 
weight; Foveal VD: Foveal vessel density.

Foveal changes after therapy for ROP



111

Int J Ophthalmol,    Vol. 15,    No. 1,  Jan.18,  2022         www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

VEGF injection on the development of the fovea because anti-
VEGF injection provides complete suppression of VEGF. 
Another study with a large sample size (131 preterm infants) 
showed that intravitreal bevacizumab injection was associated 
with a thicker outer retinal layer at the center of foveal[27]. 
Meanwhile, laser photocoagulation was related to earlier 
extrusion of the inner retinal layers and delayed development 
of the ellipsoid zone at the foveal centre[27]. That author raised 
the possibility that anti-VEGF injection slowed the continued 
migration of retinal vessels and the further development of 
photoreceptors beyond the fibrovascular ridge in ROP[32]. 
We inferred the completely suppressive effect of anti-VEGF 
injection would result in a short-term harmful influence on 
the development of foveal and then the development of foveal 
gradually resumed. This may explain that less foveal structural 
anomalies were observed in our study, since the OCTA image 
and OCT image were obtained approximately 70mo after the 
injection. 
A useful working field of central retina is defined as the central 
10° of visual angle which projects onto nearly the central 3 mm 
of retina. Furthermore, the region of central 4°-6° contains the 
macula and the region within 1.5 mm radius of foveal centralis 
is positioned at 0° eccentricity[38]. We choose the central 0°, 
2°-8°, and 8° as the measurement point, since the structure of 
retinal in this area is significantly related with visual acuity. In 
our study, the foveal VD within the central 0° was almost the 
same in the two groups. It seems that anti-VEGF injection and 
laser photocoagulation have similar side effects on the VD of 
the fovea. As we mentioned above, foveal thickness measured 
by OCTA is higher in ROP eyes. The majority treated with 
laser photocoagulation in the study exhibited poorer degree 
of foveal hypoplasia. We found that the inner thickness and 
full thickness were smaller in patients treated with anti-VEGF 
than in those treated with laser therapy, consistent with Chen 
et al’s[13] study. This might indicate that anti-VEGF therapy 
allows the inner retina to develop towards a normal structure 
and resulted in better development of the fovea than was 
achieved by laser photocoagulation.
However, better development of the foveal didn’t not result in 
better development of visual acuity in our study. In the linear 
regression, we did not identify the relationship between the 
foveal structure and the visual acuity. Since the sample size 
was small, more cases are needed to explore the potential 
correlations.
There are still several limitations to our study. First, the sample 
size was too small to draw a convincing conclusion. More 
cases should be collected for further analysis. Second, we only 
compared children treated with two methods of therapies. 
Preterm children with spontaneous regression were not 
included. Therefore, we did not have baseline data on foveal 

VD and retinal thickness with which to infer the real effect of 
the two treatments on the structure of the fovea and vessels. 
Third, there was a bias selection according to the treatment 
protocol, since more patients with immature and posterior 
ROP received anti-VEGF treatment while more the others with 
more mature ROP received laser therapy. Fourth, we did not 
perform a sub-analysis according to the affected ROP zone and 
stage. Fifth, we did not detect the relationship between visual 
acuity and changes in foveal structure. However, the sample 
size was too small to draw this conclusion. Finally, potential risk 
factors of visual acuity were not fully investigated in our study.
In children with type 1 ROP, we identified better structural 
development of fovea in those who were treated with anti-
VEGF injection compared with laser photocoagulation. 
However, visual acuity outcomes were similar 70mo after the 
treatments. 
ACKNOWLEDGEMENTS
Conflicts of Interest: Deng X, None; Cheng Y, None; Zhu 
XM, None; Linghu DD, None; Xu H, None; Liang JH, None.
REFERENCES

1 Ni YQ, Huang X, Xue K, Yu J, Ruan L, Shan HD, Xu GZ. Natural 

involution of acute retinopathy of prematurity not requiring treatment: 

factors associated with the time course of involution. Invest Ophthalmol 

Vis Sci 2014;55(5):3165-3170.

2 Lee AC, Katz J, Blencowe H, et al. National and regional estimates 

of term and preterm babies born small for gestational age in 138 low-

income and middle-income countries in 2010. Lancet Glob Health 

2013;1(1):e26-e36.

3 Wu T, Zhang L, Tong Y, Qu Y, Xia B, Mu DZ. Retinopathy of 

prematurity among very low-birth-weight infants in China: incidence 

and perinatal risk factors. Invest Ophthalmol Vis Sci 2018;59(2):757-763.

4 Shah VA, Yeo CL, Ling YL, Ho LY. Incidence, risk factors of 

retinopathy of prematurity among very low birth weight infants in 

Singapore. Ann Acad Med Singap 2005;34(2):169-178.

5 Dogra MR, Katoch D, Dogra M. An update on retinopathy of 

prematurity (ROP). Indian J Pediatr 2017;84(12):930-936.

6 Nonobe N, Kaneko H, Ito Y, et al. Optical coherence tomography 

angiography of the foveal avascular zone in children with a history of 

treatment-requiring retinopathy of prematurity. Retina 2019;39(1):111-117.

7 Takagi M, Maruko I, Yamaguchi A, Kakehashi M, Hasegawa T, Iida 

T. Foveal abnormalities determined by optical coherence tomography 

angiography in children with history of retinopathy of prematurity. Eye 

(Lond) 2019;33(12):1890-1896.

8 Chen YC, Chen YT, Chen SN. Foveal microvascular anomalies on 

optical coherence tomography angiography and the correlation with 

foveal thickness and visual acuity in retinopathy of prematurity. 

Graefes Arch Clin Exp Ophthalmol 2019;257(1):23-30.

9 Bashinsky AL. Retinopathy of Prematurity. N C Med J 2017;78(2):124-128.

10 Wu AL, Wu WC. Anti-VEGF for ROP and pediatric retinal diseases. 

Asia Pac J Ophthalmol (Phila) 2018;7(3):145-151.



112

11 Pertl L, Steinwender G, Mayer C, Hausberger S, Pöschl EM, 

Wackernagel W, Wedrich A, El-Shabrawi Y, Haas A. A systematic 

review and meta-analysis on the safety of vascular endothelial 

growth factor (VEGF) inhibitors for the treatment of retinopathy of 

prematurity. PLoS One 2015;10(6):e0129383.

12 Morin J, Luu TM, Superstein R, Ospina LH, Lefebvre F, Simard MN, 

Shah V, Shah PS, Kelly EN. Neurodevelopmental outcomes following 

bevacizumab injections for retinopathy of prematurity. Pediatrics 

2016;137(4):e20153218. 

13 Chen YC, Chen SN. Foveal microvasculature, refractive errors, optical 

biometry and their correlations in school-aged children with retinopathy 

of prematurity after intravitreal antivascular endothelial growth factors 

or laser photocoagulation. Br J Ophthalmol 2020;104(5):691-696.

14 Patz A. The new international classification of retinopathy of 

prematurity. Arch Ophthalmol 1984;102(8):1129.

15 Early Treatment for Retinopathy of Prematurity Cooperative Group, 

Good WV, Hardy RJ, Dobson V, Palmer EA, Phelps DL, Tung B, 

Redford M. Final visual acuity results in the early treatment for 

retinopathy of prematurity study. Arch Ophthalmol 2010;128(6):663-671.

16 Thomas MG, Kumar A, Mohammad S, Proudlock FA, Engle EC, 

Andrews C, Chan WM, Thomas S, Gottlob I. Structural grading of 

foveal hypoplasia using spectral-domain optical coherence tomography 

a predictor of visual acuity? Ophthalmology 2011;118(8):1653-1660.

17 Pedersen HR, Hagen LA, Landsend ECS, Gilson SJ, Utheim ØA, 

Utheim TP, Neitz M, Baraas RC. Color Vision in Aniridia. Invest 

Ophthalmol Vis Sci 2018;59(5):2142-2152. 

18 Campbell JP, Nudleman E, Yang JL, Tan O, Chan RVP, Chiang 

MF, Huang D, Liu GJ. Handheld optical coherence tomography 

angiography and ultra-wide-field optical coherence tomography in 

retinopathy of prematurity. JAMA Ophthalmol 2017;135(9):977-981.

19 Vinekar A, Chidambara L, Jayadev C, Sivakumar M, Webers CA, 

Shetty B. Monitoring neovascularization in aggressive posterior 

retinopathy of prematurity using optical coherence tomography 

angiography. J AAPOS 2016;20(3):271-274.

20 Falavarjani KG, Iafe NA, Velez FG, Schwartz SD, Sadda SR, Sarraf 

D, Tsui I. Optical coherence tomography angiography of the fovea in 

children born preterm. Retina 2017;37(12):2289-2294.

21 Cuenca N, Ortuño-Lizarán I, Sánchez-Sáez X, Kutsyr O, Albertos-

Arranz H, Fernández-Sánchez L, Martínez-Gil N, Noailles A, López-

Garrido JA, López-Gálvez M, Lax P, Maneu V, Pinilla I. Interpretation 

of OCT and OCTA images from a histological approach: clinical and 

experimental implications. Prog Retin Eye Res 2020;77:100828.

22 Provis JM, Hendrickson AE. The foveal avascular region of developing 

human retina. Arch Ophthalmol 2008;126(4):507-511.

23 Springer AD, Hendrickson AE. Development of the primate area of high 

acuity. 1. Use of finite element analysis models to identify mechanical 

variables affecting pit formation. Vis Neurosci 2004;21(1):53-62.

24 Yanni SE, Wang JY, Chan M, Carroll J, Farsiu S, Leffler JN, Spencer 

R, Birch EE. Foveal avascular zone and foveal pit formation after 

preterm birth. Br J Ophthalmol 2012;96(7):961-966.

25 Dubis AM, Costakos DM, Subramaniam CD, Godara P, Wirostko WJ, 

Carroll J, Provis JM. Evaluation of normal human foveal development 

using optical coherence tomography and histologic examination. Arch 

Ophthalmol 2012;130(10):1291-1300.

26 Hendrickson A, Possin D, Vajzovic L, Toth CA. Histologic 

development of the human fovea from midgestation to maturity. Am J 

Ophthalmol 2012;154(5):767-778.e2.

27 Vogel RN, Strampe M, Fagbemi OE, Visotcky A, Tarima S, Carroll 

J, Costakos DM. Foveal development in infants treated with 

bevacizumab or laser photocoagulation for retinopathy of prematurity. 

Ophthalmology 2018;125(3):444-452.

28 Hammer DX, Iftimia NV, Ferguson RD, Bigelow CE, Ustun TE, 

Barnaby AM, Fulton AB. Foveal fine structure in retinopathy of 

prematurity: an adaptive optics Fourier domain optical coherence 

tomography study. Invest Ophthalmol Vis Sci 2008;49(5):2061-2070.

29 McAllister JT, Dubis AM, Tait DM, Ostler S, Rha J, Stepien KE, 

Summers CG, Carroll J. Arrested development: high-resolution imaging 

of foveal morphology in albinism. Vision Res 2010;50(8): 810-817.

30 Rosén R, Sjöstrand J, Nilsson M, Hellgren K. A methodological 

approach for evaluation of foveal immaturity after extremely preterm 

birth. Ophthalmic Physiol Opt 2015;35(4):433-441.

31 Ludwig CA, Chen TA, Hernandez-Boussard T, Moshfeghi AA, Moshfeghi 

DM. The epidemiology of retinopathy of prematurity in the United 

States. Ophthalmic Surg Lasers Imaging Retina 2017;48(7):553-562.

32 Vander JF, McNamara JA, Tasman W, Brown GC. Revised indications 

for early treatment of retinopathy of prematurity. Arch Ophthalmol 

2005;123(3):406-407; discussion 409-410.

33 Sankar MJ, Sankar J, Mehta M, Bhat V, Srinivasan R. Anti-vascular 

endothelial growth factor (VEGF) drugs for treatment of retinopathy of 

prematurity. Cochrane Database Syst Rev 2016;2:CD009734.

34 Wu WC, Lin RI, Shih CP, Wang NK, Chen YP, Chao AN, Chen KJ, 

Chen TL, Hwang YS, Lai CC, Huang CY, Tsai S. Visual acuity, optical 

components, and macular abnormalities in patients with a history of 

retinopathy of prematurity. Ophthalmology 2012;119(9):1907-1916.

35 Erol MK, Coban DT, Özdemir Ö, Tunay ZÖ, Bilgin AB, Dogan B. 

Spectral-domain OCT Analyses of macular changes after ranibizumab 

therapy for type 1 retinopathy of prematurity. J Pediatr Ophthalmol 

Strabismus 2015;52(3):152-158.

36 Lepore D, Quinn GE, Molle F, Baldascino A, Orazi L, Sammartino M, 

Purcaro V, Giannantonio C, Papacci P, Romagnoli C. Intravitreal bevacizumab 

versus laser treatment in type 1 retinopathy of prematurity: report on 

fluorescein angiographic findings. Ophthalmology 2014;121(11):2212-2219.

37 Lepore D, Quinn GE, Molle F, Orazi L, Baldascino A, Ji MH, 

Sammartino M, Sbaraglia F, Ricci D, Mercuri E. Follow-up to age 

4y of treatment of type 1 retinopathy of prematurity intravitreal 

bevacizumab injection versus laser: fluorescein angiographic findings. 

Ophthalmology 2018;125(2):218-226.

38 Provis JM, Dubis AM, Maddess T, Carroll J. Adaptation of the central 

retina for high acuity vision: cones, the fovea and the avascular zone. 

Prog Retin Eye Res 2013;35:63-81.

Foveal changes after therapy for ROP


