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Abstract
Purpose Our aim is to compare foveal microvascular structure, foveal retinal thickness, and best-corrected visual acuity
(BCVA) in children with a history of premature retinopathy (ROP) and healthy children. It is also evaluated whether
microvascular structural changes in the course of ROP had resulted from treatment modalities of ROP or the disease itself.
Methods This is a cross-sectional observational comparative study. Seventy-one children were analyzed in four different
groups: children treated with bevacizumab (18), or laser (19) for ROP; or spontaneously regressed disease (18) and non-
premature healthy children (16). We analyzed foveal avascular zone (FAZ) and vessel densities (VDs) of the superficial
capillary plexus (SCP) and deep capillary plexus (DCP) at foveal and parafoveal region with optical coherence tomography
angiography (OCT-A). Foveal thickness was measured by cross-sectional OCT. Correlations between FAZ area, foveal VD,
central foveal thickness (CFT), BCVA, gestational age (GA), and birth weight (BW) were evaluated.
Results After comparing of OCT-A parameters between all premature children (groups 1–3) and non-premature children
(group 4), significant differences were found in VD-SCP (whole), VD-SCP (foveal), VD-SCP (parafoveal), CFT, and VD-
DCP (foveal) (all p < 0.001). Significantly smaller FAZ area was also noted in ROP children. Higher foveal VD of SCP,
DCP, and smaller FAZ area were significantly associated with lower GA and BW.
Conclusion By using OCT-A, significant foveal microvascular anomalies were identified in children with ROP irrespective
of the treatment option or spontaneous regression. There has been a correlation between microvascular anomalies, CFT, and
a lower BCVA.

Introduction

Retinopathy of prematurity (ROP) is a vasoproliferative
retinal disorder that is one of the leading cause of childhood
blindness worldwide [1]. The mechanism of this disease
mainly includes the arrest of normal retinal vascular
development that results in aberrant pathological retinal
vascularization [2]. Conventional treatment of ROP has

been established with ablative therapy including cryother-
apy and laser photocoagulation of the avascular retina in
order to halt disease progression [3, 4]. In pathogenesis of
ROP, the role of vascular endothelial growth factor (VEGF)
has been well recognized and later on, studies have shown a
clear treatment benefit of intravitreal anti-VEGF injections
in severe ROP cases resulting in prompt regression [5, 6].

After the use of optical coherence tomography (OCT) to
image retinal structures in premature children, studies have
revealed several abnormalities, including cystoid macular
edema, retention of inner retinal layers at the foveal center,
and absence of foveal depression [7, 8]. OCT angiography
(OCT-A) is a relatively novel, fast, and noninvasive ima-
ging modality to study blood flow within macula without
need for an intravenous dye [9]. OCT-A can also be applied
outside the macula, including anterior segment [10]. Apart
from fluorescein angiography (FA), OCT-A specifically has
been able to identify retinal capillary plexuses individually,
including the superficial capillary plexus (SCP) and deep
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capillary plexus (DCP) [11]. Studies have shown novel
findings regarding vascular changes in several retinal dis-
eases such as age-related macular degeneration and diabetic
retinopathy with OCT-A with higher sensitivity and speci-
ficity [12, 13].

Mintz-Hittner et al. [14] have analyzed foveal avascular
zone (FAZ) of premature children aged between 1 and 17
years by using FA. They have concluded that a small FAZ
area might be a predictive mark for prematurity. Similarly,
recent studies have observed significantly smaller FAZ in
ROP patients than in normal healthy subjects revealed by
OCT-A [15, 16]. Moreover, higher foveal vessel density
with significant correlations between gestational age (GA)
and birth weight (BW) have been shown in the OCT-A
examination of premature children [17]. In the present
study, we aimed to assess foveal vascular structure of pre-
mature children by OCT-A and compare the OCT-A para-
meters between children who received treatment either with
intravitreal bevacizumab (IVB) or laser, children with a
history of spontaneously regressed ROP, and healthy term
born children.

Methods

This is a cross-sectional observational comparative study
conducted in Bakirkoy Dr. Sadi Konuk Training and
Research Hospital, Istanbul, Turkey. The study was
approved by the ethics committee of the same hospital and
adhered to the tenets laid out in the Declaration of Helsinki.
Routine screening examinations for ROP have been per-
formed in all premature infants by indirect ophthalmoscopy
with the help of a 28D condensing lens according to the
established guidelines [18]. Definitive staging at the time of
treatment was confirmed by two different retina specialists.
Infants have been treated in accordance with the indications
established by the Early Treatment for ROP Study [19].
Fundus images were recorded for most infants with the
RetCam II Imaging System (Clarity Medical Systems,
Pleasanton, CA, USA) before treatment.

All children with preterm birth and a diagnosis of ROP
between May 2019 and August 2019 were invited to par-
ticipate in the study. Sixteen non-premature healthy chil-
dren with normal ophthalmologic examination were also
included in the study. All participants underwent standard
ophthalmologic examination including cycloplegic refrac-
tion, best-corrected visual acuity (BCVA) evaluation, slit-
lamp examination, and fundus examination. Snellen BCVA
was then converted into logMAR for analysis. Exclusion
criteria included any retinal disorder other than ROP, media
opacity preventing imaging, glaucoma, history of any
ocular surgery, and receiving another treatment before anti-
VEGF injection or after the primary treatment for

reactivation of the disease. Furthermore, children with low
cooperation during examinations and children with low
vision that prevents ocular examinations were also
excluded.

After the exclusion, participants were divided into four
groups, namely group 1—premature children who received
anti-VEGF treatment with a diagnosis of type 1 ROP or
aggressive posterior ROP in zone 1 or posterior zone 2,
group 2—children who received laser treatment with a
diagnosis of type 1 ROP in zone 2, group 3—children with
a history of spontaneously regressed ROP without any
treatment, and group 4—age-matched, full-term (defined as
GA over 39 weeks) healthy children with normal ocular
examinations.

The anti-VEGF agent that had been used was 0.625 mg
(0.025 mL) of bevacizumab (Avastin; Genentech, Inc., San
Francisco, CA). Bevacizumab was injected 1 mm behind
the temporal limbus via pars plicata with a 31-gauge needle
taking care to avoid crystalline lens damage. This technique
was based on previous literature data [5]. Laser photo-
coagulation had been performed with a 810-nm diode laser
device (Iridex; Oculight SL, Mountain View, CA, USA) in
neonatal intensive care unit under supervision of a neona-
tologist. Regression of the disease was noted in all patients
in group 1 and group 2.

OCT-A analysis

The OCT-A using the split-spectrum amplitude-decorrela-
tion angiography algorithm (RTVue XR Avanti with
AngioVue; Optovue, Inc., Fremont, CA) was performed for
all participants. A 6 mm × 6mm rectangle scan centered on
the fovea was performed.

After dilatation of pupil, imaging was done in an upright
position without sedation. Motion correction to minimize
artifacts in poor cooperative children was performed. Since
the ability to fixate and maintain a stable head position
during the OCT-A exam is necessary to obtain a good
image quality, children who could not cooperate with the
examination or those from whom poor imaging quality was
obtained (signal strength index lower than 50) were exclu-
ded. Two consecutive measurements were obtained for each
subject and the average value was analyzed. Each scan is
automatically divided into segments by the software using
the AngioVue module in order to visualize the SCP and
DCP in the retina. The FAZ area was determined on the
central fovea with a clinically visible distinct avascular area
without crossing vessels in the full retina. The FAZ area
was automatically selected and calculated (in millimeters
squared—mm2). If the FAZ could not be calculated due to
the presence of vessels on the fovea center, the FAZ area
was recorded as zero. Spectral-domain (SD)-OCT B scans
using the same instrument were used for assessment of
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foveal contour and central foveal thickness (CFT). CFT was
defined as the average retinal thickness within the central 1-
mm diameter ring. We obtained foveal and the parafoveal
vessel density for the SCP and DCP using the built-in
software. The “parafovea” is defined as an annulus centered
on the fovea with inner and outer ring diameters of 1 and 3
mm, respectively. The whole, foveal, and parafoveal vessel
densities (VDs) (as a percentage) of the SCP and DCP, the
size of FAZ area (mm2), and CFT were analyzed.

Statistical analyses

Statistical Package for Social Sciences-21 was used for
statistical analysis. Qualitative data were expressed as
number and percentage, whereas continuous values were
expressed as mean and standard deviation or median and
range when appropriate. Chi-square and Fisher’s exact tests
were used to compare the qualitative data. The distribution
of the parameters was tested with either the
Kolmogorov–Smirnov or Shapiro–Wilk tests. Depending
upon the distribution of the parameters, one-way analysis of
variance (ANOVA) with Tukey test as post hoc analyses or
the Kruskal–Wallis with the Mann–Whitney U test with a
post hoc analysis was used to compare the quantitative data.
Statistical significance was assessed at levels of p < 0.05.

Results

A total of 71 children were evaluated during the study. There
were 18 children (25.4 %), including 10 girls and 8 boys in
group 1, 19 children (26.8 %), including 14 girls and 5 boys
in group 2, 18 children (25.4 %), including 7 girls and 11
boys in group 3, and 16 children (22.4 %), including 10 girls
and 6 boys in group 4. The sex distribution was similar
between the groups (p= 0.188). No significant differences of
GA and BW were observed between groups 1, 2, and 3 (p=
0.271, p= 0.072, respectively) except for group 4 (p < 0.001),
which had significantly higher GA and BW. The mean ages at

the time of OCT-A examination were similar between all
groups in the study (p= 0.161). Demographic characteristics
in the study were given in Table 1. Regarding disease char-
acteristics, 6 children had zone 1 ROP and 12 children had
posterior zone 2 ROP in group 1; all children in group 2 had
zone 2 ROP. Four children had stage 2 ROP and 14 children
had stage 3 ROP in group 1; 9 children had stage 2 ROP and
10 children had stage 3 ROP in group 2. The zone of ROP
significantly differed between groups 1 and 2 (p= 0.006);
ROP stage was similar between the two groups (p= 0.137).

There was a significant difference of BCVA between the
groups (p < 0.001). Pairwise comparisons showed sig-
nificantly worse BCVA in group 1 than in group 3 and group
4 (p= 0.022 and p= 0.004, respectively). The BCVA was
also worse in group 2 compared to group 4 (p= 0.029). After
comparison of BCVA between all children born prematurely
(groups 1–3) and children born at term (group 4), it was found
that BCVA was significantly better in term born children than
in premature children (0.11 ± 0.12 vs 0.04 ± 0.05, p= 0.035).
Refractive status (SE) did not significantly differ between the
groups (p= 0.057). The BCVA and refractive status of chil-
dren were summarized in Table 1.

Regarding OCT-A parameters, there were significant
differences of VD-SCP (whole), VD-SCP (foveal), VD-
SCP (parafoveal), CFT, VD-DCP (foveal), and FAZ area
between the groups (p= 0.023, p= 0.009, p= 0.022, p <
0.001, p= 0.017, and p= 0.003, respectively). Post hoc
analysis showed that VD-SCP (whole) was significantly
lower in group 2 than in group 4 (p= 0.015). VD-SCP
(foveal) was significantly higher in groups 1 and 3 com-
pared to group 4 (p= 0.006, p= 0.040, respectively). VD-
SCP (parafoveal) was significantly lower in group 1 than in
group 4 (p= 0.033). The CFT was significantly thicker in
groups 1–3 than in group 4 (p < 0.001, p < 0.001, and p=
0.007, respectively). VD-DCP (foveal) was significantly
higher in groups 1 and 3 as compared to group 4 (p= 0.033,
p= 0.022, respectively). FAZ area was significantly smaller
in groups 1–3 than in group 4 (p= 0.019, p= 0.011, and
p= 0.007, respectively). After comparing of OCT-A

Table 1 Clinical characteristics
of the study groups.

Group 1 Group 2 Group 3 Group 4 p

GA, weeksa 28.44 ± 1.72 28.21 ± 2.22 29.56 ± 2.61 39.69 ± 0.60 <0.001*

BW, ga 1122.50 ± 324.92 1079.47 ± 274.25 1443.89 ± 585.68 3502.50 ± 584.12 <0.001*

Age at examination, yearsa 5.06 ± 1.11 5.68 ± 1.15 5.50 ± 1.24 5.94 ± 1.12 0.161

Sex, F/M 10/8 14/5 7/11 10/6 0.188

BCVA, logMARa 0.15 ± 0.14 0.11 ± 0.12 0.05 ± 0.03 0.04 ± 0.02 0.008*

Refraction, SEa 0.11 ± 1.12 −1.09 ± 3.62 1.24 ± 1.15 0.55 ± 1.04 0.06

Group 1, patients treated with intravitreal bevacizumab; group 2, patients treated with laser; group 3, patients
who had spontaneously regressed retinopathy of prematurity; and group 4, term born healthy children.

GA gestational age, BW birth weight, BCVA best-corrected visual acuity, SE spherical equivalent.

Kruskal–Wallis test, *p < 0.05.
aResults are expressed as mean ± standard deviation.
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parameters between all premature children (groups 1–3) and
healthy controls (group 4), it was found that VD-SCP
(whole), VD-SCP (foveal), VD-SCP (parafoveal), CFT,
VD-DCP (foveal), and FAZ area showed significant dif-
ferences (p < 0.001, p= 0.001, p= 0.001, p < 0.001, p <
0.001, and p= 0.011, respectively). The OCT-A results
obtained in the study were shown in Table 2. Figure 1
shows the distribution of FAZ area in each group.

Correlation results are summarized in Table 3. There were
significant correlations between GA, BW, BCVA, and OCT-
A parameters. The foveal VDs of both SCP and DCP were
significantly associated with lower GA and BW. A smaller
FAZ area was significantly correlated to lower GA and BW.
Furthermore, increased VD in foveal SCP and DCP was
significantly correlated to higher logMAR BCVA indicating
that worse visual acuity was associated with denser vascu-
lature in SCP and DCP at fovea. Increased CFT was also
correlated to a smaller FAZ area and higher foveal VD in SCP
and DCP. Figure 2 depicts correlation status between VD-
SCP (foveal), VD-DCP (foveal), FAZ, GA, and BW.

Discussion

The present study compared differences in foveal micro-
vascular structure by using OCT-A between eyes that had
received treatment for ROP (either with IVB or laser), those
had spontaneously regressed ROP and eyes of the age-
matched, full-term healthy children. We found that SCP and
DCP VDs and FAZ area significantly differed between
premature and term children. The VDs of SCP and DCP
were lower at parafoveal region whereas they were sig-
nificantly higher at the fovea of premature children as
compared to those of term ones (Fig. 3). The FAZ area was
significantly smaller and CFT was significantly thicker in
premature children compared to term children. We also
noticed that differences in OCT-A parameters occured only
between premature group (groups 1–3) and term group
(group 4). Moreover, there were significant associations
between GA, BW, and OCT-A parameters indicating that
lower GA and BW were correlated with higher foveal VDs
in SCP and DCP and smaller FAZ area. These findings may
suggest that GA and BW play significant roles in foveal
vascular development irrespective of treatment effect either
with IVB or laser for ROP.

Studies have shown developmental abnormalities of
fovea in preterm infants by using SD-OCT. It has been
shown that existence of retinal layers other than outer
nuclear layer in central part of fovea might induce a thicker
central fovea in premature children [7]. Lee et al. [20] have
observed that retinal layers in the macula remained thicker
in laser and laser-treated+ IVB-treated children compared
to children who received IVB treatment as monotherapy.
Investigators have proposed that destruction of peripheral
avascular retina by laser, as opposed to IVB which allows
normal retinal vascularization from the point of treatment,
could block peripheral migration and reorganization of
inner retinal cells leading to a higher CFT [20]. In the
present study, although we found CFT significantly thicker
in preterm children, we did not identify a significant

Table 2 Comparison of optical
coherence tomography
angiography parameters
between the groups.

Group 1 Group 2 Group 3 Group 4 p

VD-SCP (whole) (%) 50.45 ± 2.91 49.99 ± 3.17 50.97 ± 2.74 52.75 ± 1.56 0.023*

VD-SCP (foveal) (%) 36.64 ± 9.69 34.10 ± 6.70 35.11 ± 8.01 27.28 ± 9.61 0.009*

VD-SCP (parafoveal) (%) 50.00 ± 5.87 50.92 ± 3.96 52.75 ± 3.52 54.27 ± 2.19 0.022*

VD-DCP (foveal) (%) 48.14 ± 6.24 45.95 ± 8.42 48.63 ± 6.99 40.75 ± 8.80 0.017*

FAZ area (mm2) 0.14 ± 0.09 0.15 ± 0.07 0.14 ± 0.08 0.26 ± 0.12 0.003*

CFT (µm) 275.06 ± 35.74 274.39 ± 23.27 267.71 ± 16.88 239.44 ± 11.37 <0.001*

Group 1, patients treated with intravitreal bevacizumab; group 2, patients treated with laser; group 3, patients
who had spontaneously regressed retinopathy of prematurity; and group 4, term born healthy children.
Results are expressed as mean ± standard deviation.

VD vessel density, SCP superficial capillary plexus, DCP deep capillary plexus, FAZ foveal avascular zone,
CFT central foveal thickness.

ANOVA, *p < 0.05.

Fig. 1 Distribution of FAZ area in each group.
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difference of CFT between IVB-treated, laser-treated, and
spontaneously regressed children.

Early researchers have assumed that fovea was initially
completely vascularized and subsequently avascularized by
vessel degeneration that formed the FAZ area. Mintz-
Hittner et al. [14] have indicated that densely vascular
meshwork at FAZ was regressed by apoptosis in all infants
over 36 weeks of GA but apoptosis did not occur in pre-
mature infants under 30 weeks of GA rendering them with a
small or absent FAZ. However, subsequent studies have
shown that the foveal region is never vascularized [21].
Recently, it has been found that angiostatin, primarily a
pigment epithelium-derived factor, is expressed in the
foveal region to inhibit vascular growth [22]. VEGF plays
an important role in the ingrowth of retinal vessels into the
central fovea. Thus, an increased level of VEGF in the
period of FAZ formation in ROP may disrupt the balance,
resulting in a small or absent FAZ. Supportively, lower GA
and BW were significantly associated with a smaller FAZ
area in our study suggesting that ROP itself plays a role in
smaller FAZ formation.

Lepore et al. [23] have demonstrated absence of FAZ in
preterm children 9 months following treatment that pre-
dominantly occured in IVB-treated infants compared to laser-
treated infants. In a recent study, Mansukhani et al. [24] have
compared fluorescein angiography findings between infants
treated with IVB and infants with spontaneous regression.
They have concluded that abnormal vascular patterns in
fluorescein angiography result from ROP process itself rather
than as a result of IVB treatment. In our study, FAZ area was
significantly smaller in premature children compared to
healthy term children. This finding was in compatible with
previous studies which indicated smaller FAZ in preterm
children by using OCT-A [15–17, 25].

The importance of VEGF has been emphasized in retinal
vessel growth into the fovea. It has been postulated that
increased VEGF level during FAZ formation in ROP may
play a role in smaller FAZ formation. Although previous
reports have suggested that laser treatment may have a more
favorable effect on foveal development by partial suppres-
sion of VEGF as compared to IVB, which results in

complete suppression [16, 26], we did not identify a sig-
nificant difference of FAZ and OCT-A parameters between
IVB- and laser-treated children.

Chen et al. [17] have found significantly higher VD in
foveal SCP and DCP in IVB-treated preterm children com-
pared to healthy subjects. They also observed that SCP den-
sity was associated with suboptimal visual acuity results.
Similarly, Falavarjani et al. [25] have reported significantly
increased foveal VD in SCP in preterm children compared to
healthy term children. Takagi et al. [16] have found lower VD
of SCP in whole image scan in ROP group (52.6%) than in
control group (53.9%). They also demonstrated higher foveal
VD (35.7% vs 30.1%) with lower parafoveal VD (54.1 vs
56.4%) in SCP of ROP patients compared to control subjects.
Our results regarding foveal and parafoveal VD in children
with ROP history showed a clear resemblance to those in that
study. In our study, children in ROP groups exhibit similar
foveal and parafoveal VD of SCP and DCP with significantly
higher foveal VD and lower parafoveal VD in SCP and DCP
in preterm children than in control children. We believe that
lower VEGF levels during vascular development of the par-
afoveal region as a result of suppression after anti-VEGF or
laser therapy could be the responsible factor for lower
parafoveal VDs.

Miki et al. [26] have assessed foveal vascular structure
between laser-treated preterm children, preterm children with
no history of ROP, and controls. Although they found a
smaller FAZ in laser-treated children, they did not find an
association between FAZ and visual acuity. Balasubramanian
et al. [27] have evaluated visual function and OCT-A para-
meters between preterm children with no ROP history, pre-
term children who formerly received laser therapy, and term
born controls. They found that poor visual acuity was corre-
lated to increased foveal SCP-VD and DCP-VD and smaller
FAZ. Similarly, our results showed a significant association of
worse visual acuity with denser vasculature in SCP and DCP
at fovea. But we could not identify a relationship between
BCVA and FAZ area. The impact of foveal structural mor-
phology and vascular abnormalities on visual function remain
controversial. Studies have proposed the insignificance of
foveal pit formation for visual performance where others have

Table 3 Correlation results in
the study.

VD-SCP (%) VD-DCP (%) FAZ (mm2)

GA (weeks); r, p −0.38, 0.001a −0.29, 0.02a 0.41, 0.001a

BW (g); r, p −0.43, <0.001a −0.33, 0.006a 0.47, <0.001a

BCVA (logMAR); r, p 0.41, 0.001a 0.39, 0.004a −0.13, 0.40

Zone; r, p,
CFT (µm)

−0.11, 0.45,
0.61, <0.001a

−0.04, 0.78,
0.42, 0.001a

0.15, 0.31,
−0.27, 0.03a

VD vascular density, SCP superficial capillary plexus, DCP deep capillary plexus, FAZ foveal avascular
zone, GA gestational age, BW birth weight, BCVA best-corrected visual acuity, logMAR logarithm of the
minimum angle of resolution, CMT central foveal thickness.
aPearson correlation, p < 0.05.
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not [28, 29]. A study has demonstrated good visual acuity in
patients with mild foveal hypoplasia without a distinct FAZ
[30]. In the present study, we found significant relationship
between a thicker central fovea with increased SCP-VD,
DCP-VD, and smaller FAZ area.

In conclusion, we evaluated foveal as well as parafoveal
vascular and structural changes in children with ROP in
three different groups (laser treated, anti-VEGF treated, and
spontaneously regressed). We also compared same para-
meters with non-premature healthy children. Through the

Fig. 2 Correlation of GA and BW with foveal VD-SCP, VD-DCP and FAZ. a Correlation of GA and BW with foveal VD-SCP. b Correlation
of GA and BW with foveal. c Correlation of GA and BW with FAZ.
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use of OCT-A, we identified several foveal microvascular
anomalies, including smaller FAZ, and increased central
foveal VD in all eyes with ROP regardless of treatment
option or whether it was treated or not. Furthermore, a
correlation between foveal microvascular anomalies, CFT,
and suboptimal visual acuity was demonstrated.

Limitations

The axial length, which is known to affect vessel density
measurements on macular OCT-A, has not been evaluated
in this study. However, we indirectly suggest that axial
lengths could be similar in all groups because there was
no significant difference in refraction between the groups
(except myopic refraction in group 2 that had probably
been resulted from laser therapy). Since premature

children without ROP were not included in our study, it
was not possible to distinguish whether the observed
retinal vascular and structural changes were entirely
resulted from ROP, or to some extent prematurity itself
contributed. Patients with poor visual function were also
excluded in the current study. In our opinion, further
studies including eyes with poorer visual acuity are
necessary to understand the role of foveal vascular
abnormalities in visual outcomes.

Summary

What was known before

● In the present study, we evaluated the foveal micro-
vascular and structural changes in children with ROP in

Fig. 3 Optical coherence tomography angiography (OCTA) images of
superficial capillary plexus (SCP), deep capillary plexus (DCP),
Foveal avascular zone (FAZ) and cross-sectional OCT in anti-VEGF

group (a–d), in laser group (e–h), in spontaneously regressed ROP
group (i–l) and in nonpremature healthy children (m–p).

Comparison of foveal optical coherence tomography angiography findings between premature children with. . . 1727



three different groups (treated with two different
treatment modalities and spontaneously regressed) and
compared their results with term born children.

● We aimed to investigate whether the treatment mod-
alities or disease itself is the responsible factor for those
changes.

What this study adds

● We evaluated foveal as well as parafoveal vascular and
structural changes in children with ROP in three
different groups (laser treated, anti-VEGF treated, and
spontaneously regressed).

● We also compared the changes them with full-term
children.

● Through the use of OCT-A, we identified several foveal
microvascular anomalies, including smaller FAZ, and
increased central foveal VD in all eyes with ROP
regardless of treatment option and treated or not.
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