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Abstract 
Purpose: To investigate macular morphology by spectral domain optical 
coherence tomography (SDOCT) in children with history of the retinopathy 
of prematurity (ROP). Materials and methods: In this cross-sectional study 
we included 35 eyes of 18 patients, aged 4 to 8 years, with history of ROP. 
Twenty-one eyes had received treatment for type 1 pre-threshold ROP. The 
others showed spontaneous regression of the disease. A 7 × 7-mm retinal area 
was sampled using a 3-dimensional scanning protocol with high-resolution 
spectral domain optical coherence tomography (SOCT Copernicus REVO). 
The central foveal thickness, mean macular thickness, macular volume and 
foveal depression were measured. The macular anatomy and the foveal contour 
were examined. Results: The mean birth weight was 1338.29 ± 324.05 grams. 
Mean gestational age at birth was 29.37 ± 2.07 weeks. Twenty-one eyes were 
treated with laser or cryotherapy. All of them showed regression of the disease. 
The mean best corrected visual acuity was 20/28. The average central foveal 
thickness was 262.26 ± 37.39, with 68.57% of preterm > 240 µm and 22.86% > 
220 µm. In all eyes, the foveal contour is abnormal. A foveal depression was 
absent in 25 eyes (71%). Conclusion: In the majority of children with a history 
of ROP, we found changes in macular morphology, including retention of 
inner retinal layers and absent foveal depression. In our study foveal 
hypoplasia was associated with good functional outcome. 
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1. Introduction 

Retinopathy of the prematurity (ROP) remains among the leading causes of ir-
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reversible but preventable childhood blindness worldwide. 
Retinopathy of the prematurity belongs to the group of socially significant 

diseases due to the fact that the lack of adequate and timely detection and treat-
ment of the disease leads to permanent blindness, disability of the individual and 
socio-economic consequences. More than 50,000 children worldwide have been 
blinded by ROP. Many more are expected to be unilaterally blind or with re-
duced visual acuity. Due to the development of neonatal care, the survival rate of 
premature babies has increased in recent years. Therefore, understanding the 
anatomy of these eyes and causes for visual impairment will be crucial for 
ophthalmologist [1]. 

Optical coherence tomography (OCT) is a noninvasive, noncontact method that 
uses low-coherence interferometry to perform high-resolution cross-sectional 
imaging of tissue morphologic features, providing an “optical biopsy” [2]. Optical 
coherence tomography enables evaluation of macular anatomy and detection of 
causes of decreased visual acuity. Few studies have evaluated ROP maculopathy 
and some are limited by the use of traditional time-domain OCT. Spectral 
domain optical coherence tomography (SDOCT) provides higher resolution (up 
to 5 μm) and decreased acquisition time in comparison to the previous 
time-domain OCT. This is extremely useful while performing OCT examination 
in uncooperative children. Disturbances in the normal development of fovea in 
patients with a history of ROP lead to morphological abnormalities, seen by 
SDOCT. Many factors affect foveal development: prematurity, development of 
vasculature, foveal tissue elasticity, intraocular pressure, and retinal stretching 
[3] [4]. Some of them act synergistically. According to Mietz et al. (1992) a more 
appropriate term is foveal hypoplasia from aplasia because hypoplasia involves 
both partial and complete lack of structure [5]. Recent studies have shown that 
SDOCT can be used as a diagnostic aid and prognostic indicator for the foveal 
hypoplasia [6]. 

The present study was performed to determine the SDOCT findings in 
patients with history of ROP. 

2. Methods 

We evaluated 35 eyes of 18 children with history of any signs of ROP. 
Twenty-one eyes received treatment for type 1 prethreshold ROP. The others 
showed spontaneous regression of the disease. Fifteen patients reached stage 3 of 
prethreshold ROP type 1 with “plus disease” in zone 2, and 6 patients, stage 2 
with “plus disease” in zone 2. Sixteen eyes were treated with cryotherapy and 5 
eyes were treated with laser therapy. All of them showed regression of the disease. 
This study was performed in accordance with the Declaration of Helsinki and was 
approved by the Local Ethics Committee of the participating center. Written 
informed consent was obtained from both parents of the children after explaining 
the imaging modality to them and to the child. Inclusion criteria were type 1 and 2 
prethreshold ROP, as well as AP-ROP. Patients with stage 4 and 5 ROP were not 
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included. Autorefractometry, best corrected visual acuity, slit-lamp biomicroscopy, 
dilated pupil indirect fundus examination, and intraocular pressure measurements 
(using a noncontact tonometer) were performed. Pupils were dilated with three 
drops of cyclopentolate 1% at intervals of fifteen minutes, and the cycloplegic 
autorefraction (UNICOS URK-700 autokeratorefractometer) was assessed 30 - 35 
minutes after the last drop was instilled. The measurements performed by 
autokeratorefractometer were repeated at least 5 times, and the average value 
was recorded for each eye. In addition, the spherical equivalent refraction 
values (SE = spherical error + 50% of cylindrical error) was calculated from the 
average refractive error values for each eye. Data regarding gestational age at 
birth, sex, and history of types of treatment were recorded. Patients were ex-
amined once. 

2.1. Optical Coherence Tomography Measurements 

Images of the macular region were obtained using a SOCT Copernicus REVO 
(Optopol Technology SA, Zawiercie, Poland). This instrument uses a super 
luminescent diode light source with a peak wavelength of 830 nm (bandwidth, 50 
nm), providing OCT images with an axial resolution of 5 µm, a transverse 
resolution of 12 µm to 18 µm, and a scanning speed of 80.000 A-scans per 
seconds. All included patients underwent SDOCT examination by a single 
operator. Internal fixation was used to suppress ocular movements. Multiple 
measurements were taken and the best centered one with good signal strength 
was chosen for analysis. The programs used for the present study were 3D scan 
protocols. The macular thickness data are presented in the nine ETDRS areas 
(Early Treatment Diabetic Retinopathy Study Research Group, 1985). The 
central subfield (A1) measures 1 mm in diameter, the inner (A2 - A5) and outer 
(A6 - A9), 3 and 6 mm, respectively [7]. The central foveal thickness as well as 
nasal and temporal parafoveal thickness were measured. The mean of parafoveal 
thickness was calculated. The foveal depression was calculated by subtracting the 
central foveal thickness from the mean parafoveal thickness. Values below 56 µm 
were taken as an indication of lack of foveal depression [8]. 

The patients were divided into two groups. The first group included patients 
with ROP who underwent laser or cryotherapy (21 eyes). The second group in-
cluded patients with retinopathy of prematurity, in which spontaneous regres-
sion of the disease occurred (14 eyes). 

2.2. Statistical Analysis 

The data of 35 eyes of the 18 subjects were analysed using SPSS 19.0. Descriptive 
statistics were reported as mean and standard deviation. The normality of the 
distribution of the study sample was assessed by the Kolmogorov-Smirnov test. 
For statistical processing of the data from both groups we used the Independent 
two-sample t-test. In the prematurely born children, forward linear regression 
analyses were carried out to evaluate how much the variation in the central fo-
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veal thickness and foveal depression could be explained by gestational age, birth 
weight, visual acuity and spherical equivalent. P values less than 0.05 were 
considered to be statistically significant. 

3. Results 

Thirty-five eyes of 18 patients were examined. The mean age of the children was 
6.06 ± 1.11 years. The mean gestational age was 29.37 ± 2.07 weeks and the mean 
birth weight was 1338.29 ± 324.05 grams. The average visual acuity was 20/28 
and mean SE was −1.46 ± 3.05 diopters. On OCT analysis, the mean central 
foveal thickness was 262.26 ± 37.39 µm, mean parafoveal thickness was 292.00 ± 
23.52 µm, mean macular volume was 7.83 ± 0.37 µm, and mean foveal 
depression was 29.74 ± 33.28 µm. A foveal depression was absent in 25 eyes 
(71%). 

The spherical equivalent was highly correlated to visual acuity (Figure 1). We 
found that the absence of foveal depression correlated significantly with gesta-
tional age and birth weight (Figure 2, Figure 3). 

Group 1 consisted of 21 eyes of 11 children (60%), with a mean gestational age 
was 28.48 ± 1.5 weeks, mean birth weight was 1173.33 ± 170. 07 grams, mean 
visual acuity was 20/30, and spherical equivalent was −2.33 ± 2.45 D. The mean 
central foveal thickness was 277.76 ± 34.0 µm, mean macular thickness was  

 

 
Figure 1. The plot of the visual acuity and spherical equivalent in children with ROP indicates that 
patients with higher myopia have lower visual acuity (p < 0.0001). Linear regression analysis was 
used to find a significant correlation between visual acuity (horizontal axis) and spherical equiva-
lent (vertical axis). 
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Figure 2. The plot of gestational age (vertical axis) in weeks and foveal depression in children 
with ROP (horizontal axis) shows a significant association between later gestational age and 
improved foveal depression (p = 0.004). Linear regression analysis was used. 

 

 
Figure 3. The plot of birth weight (vertical axis) in grams and foveal depression in children 
with ROP (horizontal axis) shows a significant association between higher birth weight and fo-
veal depression (p < 0.0001). Linear regression analysis was used. 
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276.62 ± 25.03 µm, mean parafoveal thickness was 291.05 ± 26.04 µm, mean 
macular volume was 7.88 ± 0.34 and mean foveal depression was 13.29 ± 24.01 
µm. A foveal depression was absent in 21 eyes (100%). 

Group 2 consisted of 14 eyes of 7 children (40%), with a mean gestational age 
of 30.71 ± 2.13 weeks, mean birth weight 1583.71 ± 370.78 grams, mean visual 
acuity was 20/25, and spherical equivalent −0.16 ± 3.47 D. The mean central 
foveal thickness was 239.00 ± 30.12 µm, mean macular thickness was 283.27 ± 
15.35 µm, mean parafoveal thickness was 293.43 ± 19.99 µm, mean macular vo-
lume was 7.79 ± 0.39 and mean foveal depression was 54.43 ± 30.28 µm. A foveal 
depression was absent in 4 eyes (28.6%). 

In this study we found statistically significant difference in the central foveal 
thickness between children treated for ROP and those with spontaneous 
regression (p = 0.002). There was no significant difference in mean parafoveal 
thickness, mean macular thickness, and the macular volume between the two 
groups (p = 0.774, p = 0.382, p = 0.502 respectively). The absence of foveal 
depression was observed significantly more often in children that underwent 
treatment for ROP (p > 0.001). Children with spontaneous regression showed 
significantly higher visual acuity (p = 0.047). Myopia was significantly more 
common in children from the first group (p = 0.037). 

4. Discussion 

In this cross-sectional study, we found that patients with ROP had macular ab-
normalities seen with SDOCT. We found that significant number of patients 
with history of ROP had absence of foveal depression and retention of the layer 
of retinal ganglion cells, inner plexiform layer, and inner nuclear layer at the 
foveal center (Figure 4). These findings are consistent with similar studies that 
have been performed in Asian patients by Wu et al. [8]. 

Morphologically, the adult fovea is marked by a pit that is dense with photo-
receptors and devoid of overlying inner retinal layers and vasculature. The initial 
stage of foveal development begins in the 22nd week of gestational age. Forma-
tion of foveal depression starts in the 24th to 28th week of gestational age and the 
excavation is complete 15 to 45 months after birth [9] [10]. The process of foveal 
maturation has been described as a centrifugal displacement of cells of the inner 
retina toward the periphery, centripetal migration of cone photoreceptors 
toward the location of the incipient fovea, and cone specialization of the foveolar 
cones [10]. Foveal depression continues to deepen up to 15 months after birth 
due to centrifugal displacement of retinal internal cells. This is considered as a 
complete extrusion from the inner nuclear and plexiform layers behind the fo-
veola. The centripetal migration of the cone photoreceptors is represented by the 
outer nuclear layer widening. Cone specialization is characterized by a decrease 
in diameter and an increase in the length of the outer segment of the cone. This 
allows an increase in foveolar cone packing density. The cone specialization is 
represented on OCT by the outer segment elongation [11]. Photoreceptor  
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Figure 4. Spectral domain optical coherence tomography images demonstrating flattened foveal contour in two eyes with retino-
pathy of prematurity and visual acuity of 20/20 (Top), and 20/25 (Bottom). Cryotherapy was performed on both patients. 
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differentiation with outer segment elongation occurs almost entirely after birth 
and continues until 4 years of age [7] [12]. Maldonado and al. found that pre-
maturely born children have a thin photoreceptor layer seen on SDOCT [12]. 
There are studies that do not report photoreceptor abnormalities in patients 
with a history of ROP [8], which is consistent with the data from the Villegas 
and al. [13], which found maturation by outer segment elongation in 96% of the 
eyes. This is supported by other studies that demonstrate that significant foveal 
cone specialization may occur in the absence of a foveal pit [14]. Inner retinal 
layer migration appears to be independent from photoreceptor development 
[11] [15]. Our study found that 71% of patients had no foveal depression, with 
an average visual acuity of 20/30 in these children. This result is confirmed by 
Villegas and al. who found that 91% of patients with visual acuity of 20/40 or 
better did not have foveal depression [13]. This is confirmed by Marmor et al. 
found that the specialization of foveal cone can be preserved both anatomically 
and functionally, despite the absence of a foveal pit. They described adults with 
good visual acuity and absent foveal reflex on OCT. These subjects had cones of 
normal diameter. To describe this condition, Marmor et al. introduced the term 
fovea plana [11]. 

Our study found that children treated for ROP had higher central foveal 
thickness than children who develop spontaneous regression of the disease. Ac-
cordingly, the lack of a foveal pit was significantly higher in the treated children. 

The average visual acuity for both groups was 20/30, but significantly higher 
in premature children was in the second group. In this study we found significant 
correlation between visual acuity and refractive error. Myopic patients were more 
likely to have decreased best corrected visual acuity. 

Wu and al. found that low gestational age significantly correlated with greater 
central foveal thickness [8]. Unlike them we found no such correlation (p = 
0.87). 

The limitations of our study include only patients able to cooperate with OCT 
scanning were enrolled, thus introducing a patient selection bias. This 
potentially correlates with the fact that no patients had a visual acuity less than 
or equal to 20/200, as these patients were unlikely to fixate on a scanning target. 
Also, our study is limited by a small sample size. 

5. Conclusion 

In summary, SDOCT revealed high percentage of macular abnormalities in 
children with history of retinopathy of prematurity, including retention of inner 
retinal layers and absent foveal depression. We consider macular abnormalities 
as a useful warning sign for patients with a history of ROP. This is not always 
associated with reduced visual acuity. In our study foveal hypoplasia was 
associated with good functional outcome. We found, using the SDOCT that 
prematurely born children treated for ROP have thicker central fovea than 
children who showed spontaneous regression. This may be due to an arrest in 
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the lateral migration of cells during normal development of the fovea. 
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