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Purpose: Data on regional differences in demographics and treatment patterns

for treatment-warranted retinopathy of prematurity (ROP) is limited. In this study,

data from the two countries with the highest patient numbers in the EU-ROP
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registry, Germany and Türkiye, are analyzed. 

Methods: The non-interventional, multicenter European ROP registry (EU-ROP) 

was established in 2021 to compare various parameters related to ROP. In 

this evaluation, 267 treated children (516 eyes) from Germany and 198 treated 

children (378 eyes) from Türkiye were included. The two cohorts were compared 

with regard to demographics, ROP treatment parameters and retreatment rates. 

Results: Infants in the German cohort had significantly lower gestational 

age (GA) as well as postmenstrual age (PMA) at initial treatment and (where 

applicable) at the time of retreatment. In the German cohort, the majority of eyes 

(56.1%) were treated due to stage 3 ROP in zone II with plus disease (II 3+). In 

the Turkish cohort, ROP II 3+ (22.0%), aggressive ROP (A-ROP) (17.9%), and ROP 

II 3- (17.3%) were the most common treatment indications. While ranibizumab 

was the predominant treatment modality in the German cohort (91.3%), about 

half of the eyes in the Turkish cohort were treated with laser coagulation (48.2%) 

while about 40% received intravitreal bevacizumab. Retreatment rates seemed 

to be comparable between Germany and Türkiye (28.1% vs. 27.3% of eyes) and 

were depending on the initial treatment method (30.5% after ranibizumab, 36.9% 

after bevacizumab, 14.2% after laser coagulation), although the retreatment 

indications [persistent avascular retina (PAR) vs. active ROP] appear to differ 

significantly between the two cohorts. 

Conclusion: In the investigated cohorts, ROP demographics, severity and 

treatment patterns differed significantly between Germany and Türkiye while 

the retreatment rate seems comparable. Different approaches to treatment of 

PAR may have contributed to the comparable retreatment rates despite the 

differences in initial treatment. 

KEYWORDS 

anti-VEGF, Germany, laser, registry, retinopathy of prematurity, Türkiye 

Introduction 

More than 80 years after the first description by Terry et al. (1) 
retinopathy of prematurity (ROP) is still a disease that can lead to 
severe visual impairment and even blindness (2). In recent years, 
several prospective randomized controlled trials (RCTs) have been 
conducted in this field, leading to significant changes in treatment 
patterns (3). As a result of these trials, two anti-VEGF drugs, 
ranibizumab and aflibercept, have been approved by the EMA for 
the treatment of ROP (ranibizumab at the end of 2019, aflibercept 
at the end of 2022) (4, 5). However, little is known about how 
the results of these clinical trials and the approvals of the two 
drugs translate into real-world clinical practice. In order to generate 
data that is representative beyond the boundaries of clinical trials 
or a single country, the European registry for retinopathy of 
prematurity (EU-ROP) was launched in 2021 to collect real-world 
ROP data in a multinational approach across geographical Europe. 

This analysis represents the first comparison of the two 
countries with the highest patient numbers entered into the EU-
ROP database, Germany and Türkiye. For all such comparisons, 
it should be remembered that ROP is a disease that is highly 
sensitive to subtle differences in neonatal and ophthalmological 
care (2, 6). One parameter capturing differences in neonatal care is 
the neonatal mortality rate per 1,000 live births which is published 

annually by the World Health Organization (WHO). Based on the 
latest WHO report from 2023, this parameter shows with 4.9 in 
Türkiye and 2.3 in Germany a more than 2-fold difference between 
the two countries (7). A direct comparison of ROP data from 
Germany and Türkiye has never been done before and is the focus 
of this study. 

Materials and methods 

The EU-ROP registry is a non-interventional, multicenter, 
international registry that was established in 2021 as the European 
expansion of the German Retina.net ROP registry, which had been 
conducted between 2011 and 2020 (8, 9, 10). The registry is open 
to centers treating patients with ROP across geographical Europe. 
Participating centers consecutively document routine clinical data 
of infants who undergo treatment for ROP. The registry does 
not include all preterm infants or all infants diagnosed with 
ROP, but exclusively infants receiving any form of ROP treatment 
in routine clinical care, irrespective of the treatment modality. 
Eligible for documentation are all infants receiving treatment for 
ROP at participating centers and for whom informed consent 
for data collection and analysis has been obtained by parents 
or legal guardians. Both prospective and retrospective data entry 
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are permitted provided written informed consent is available. 
Retrospective data entry explains why some data may date back 
to dates prior 2021. The study was approved by the leading Ethics 
committee in Greifswald (BB 165/19a) and at all local sites. The 
study is registered under DRKS00025138 at DRKS and under 
NCT04939571 at clinicaltrials.gov. 

For the present study, all registry patients from Germany and 
Türkiye that were entered up to 7 January 2026 were screened for 
inclusion in the analysis. A total of 607 patients were identified 
(315 from Germany and 292 from Türkiye). Patients with unclear 
pre-treatment status (n = 39), previous ROP treatment at another 
hospital (n = 64), initial treatment before 2019 or after July 
2025 (n = 38), or insufficient treatment documentation (n = 1) 
were excluded, resulting in 465 evaluable patients (Supplementary 
Figure 1). Patients whose initial treatment took place before 2019 
were excluded to ensure a homogeneous study population as only 
few patients had been treated before 2019 and clinical practice 
changed considerably during this period. Patients whose initial 
treatment took place after July 2025 (i.e. less than 6 months 
before data export for the current analysis) were excluded to allow 
centers to document potential retreatments that may have become 
necessary. From all patients available for analysis, 267 patients (516 
eyes) had been treated at 24 German centers and 198 patients (378 
eyes) at eight Turkish centers. The registry does not define a birth-
year eligibility criterion. In the present analysis, all but one child 
were born between June 2018 and May 2025; one child born in 2016 
underwent treatment in 2024 because of persistent avascular retina 
(PAR) secondary to ROP and was thus entered in the registry in 
2024 when this treatment occurred. 

In the current analysis, we compare basic demographic 
parameters, clinical characteristics at initial ROP treatment, 
initial treatment parameters and retreatment parameters. Detailed 
information on which parameters are documented in the EU-ROP 
database has been published by Catt et al. (11) ROP severity has 
been diagnosed and documented in accordance with the current 
international classification for ROP (ICROP3) (12). 

Since this is an observational registry, data are not always 
available for all patients/eyes, although sites are of course advised 
to enter data as completely as possible. To account for this fact, N 
indicates the number of patients or eyes in all analyses. Due to the 
fact that outliers, confirmed by the sites, were present in almost all 
parameters, Mann-Whitney-U tests were used for comparisons of 
groups and parameters were reported as median with interquartile 
range (IQR). Outliers in continuous variables were identified with 
the ROUT method (Q = 1%) (13) and were queried in the EU-ROP 
database. Only confirmed values were included in this analysis. 
The chi-square test and Fisher’s exact test were used to compare 
nominally scaled variables depending on group size. Treatment 
of zone III 2+, zone II 1-, zone III 1+, zone III 3-, zone III 2-, 
zone III 1-, and of eyes with incomplete vascularization or fully 
vascularized eyes at time of initial treatment (independent of type 
of treatment) were queried in the EU-ROP database. All parameters 
with open queries at time of data analysis were excluded from 
the current analysis. At time of retreatment, ROP status was only 
queried if anti-VEGF treatment was documented while retreatment 
with laser was assumed to be for PAR for the above listed ROP 
stages. A p-value of ≤0.05 was considered statistically significant 
and significant differences are indicated by stars (∗≤0.05, ∗∗

≤0.01, 
∗∗∗

≤0.001). SPSS V.31 (IBM Corp., Armonk, NY, United States) 

and GraphPad Prism V.9.5.1 (GraphPad Software, Inc., La Jolla, 
California, United States) were used for statistical analyses. 

Results 

Demographic parameters 

We observed statistically significant differences between the 
German and the Turkish cohort in all demographic parameters 
at birth, initial treatment, and first retreatment, apart from 
distribution of sex and plurality, and weight gain per day until 
treatment (Table 1). 

For distribution of documented comorbidities in the two 
countries see Table 2. In most parameters the two countries were 
comparable, but a significant difference was observed regarding 
the distribution of necrotizing enterocolitis (NEC), which was 
documented with about equal prevalence in the two countries 
(18.9% vs. 19.9%) but with considerably more NEC surgeries in 
Germany (12.4%) than in Türkiye (5.0%). Oxygen supplementation 
and the use of mechanical ventilation in infants who received 
oxygen supplementation was comparable between the two cohorts -
more than 90% of infants treated for ROP in both groups had 
received oxygen supplementation for more than 5 days before first 
ROP treatment (see Table 2). 

In Germany, 11 of 267 infants (4.1%) died during the study 
period, at a mean of 36 days after the last ROP treatment (available 
for five infants). Most had initially received ranibizumab treatment, 
and five infants had undergone retreatment. Documented causes 
of death included pulmonary decompensation, multiorgan failure, 
bronchopulmonary dysplasia, and respiratory arrest. 

In Türkiye, 6 of 158 infants (3.8%) died at a mean of 40 days 
after ROP treatment (available for three infants). Initial treatment 
had consisted of either bilateral laser or bilateral bevacizumab, and 
no infant had required retreatment. Documented causes of death 
were related to severe cardiopulmonary complications. 

ROP severity at initial treatment 

The most common ROP severity at initial treatment in the 
German cohort was zone II 3+, which was present in 56.1% of 
all eyes, followed by zone II 3- in 20.9%. Only 4.9% of infants 
in Germany were graded as aggressive ROP (A-ROP) at initial 
treatment and only very few had partial retinal detachment (4a: 
0.6%, 4b: 0.4%). Stage 5 was not present in the German cohort 
at time of initial treatment. In the Turkish cohort, we observed 
more variability in the ROP grades at initial treatment. The most 
prevalent severity was also zone II 3+ (22.0%), followed by A-ROP 
in 17.9% of eyes and zone II 3- (17.3%). Stage 4a was present in 
1.5%, 4b in 0.3% and stage 5 in 5.9% of eyes at initial treatment in 
Türkiye. Another interesting difference between the two countries 
is that in Türkiye 6.7% of all eyes had their first ROP treatment 
due to incomplete vascularization of the retina, while this was not 
observed in Germany (Figure 1A and Supplementary Table 1). It 
is important to note that pre-plus was counted as no plus disease 
when assigning severity stages according to the modified ROP 
activity score as proposed by Pivodic et al. (14) 
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TABLE 1 Demographic characteristics at birth, initial treatment, and first retreatment by country. 

Demographic parameters Germany Türkiye All patients P-value 

At birth GA at birth (median in weeks) (IQR) (Germany N = 265; 
Türkiye N = 198) 

24.7 (23.9–26.0) 28.2 (26.3–30.9) 25.7 (24.4–28.4) <0.0001 

Birth weight (median in g) (IQR) (Germany N = 257; Türkiye 

N = 198) 
600 (490–722) 1,005 

(780–1,460) 
720 (570–1,000) <0.0001 

Sex, male (%) (Germany N = 267; Türkiye N = 198) 57.3 58.6 57.8 0.8178 

Plurality: singletons/twins/triplets (%) (Germany N = 267; 
Türkiye N = 198) 

72.3/24.0/2.6 72.2/26.3/1.5 72.3/24.9/2.2 0.6469 

At initial 
treatment 

PMA (median in weeks) (IQR) (Germany N = 262; Türkiye 

N = 180) 
36.7 (35.1–39.2) 38.7 (36.8–42.1) 37.6 (35.7–40.4) <0.0001 

PNA (median in weeks) (IQR) (Germany N = 263; Türkiye 

N = 182) 
11.7 (10.3–14.1) 10.8 (7.7–14.2) 11.4 (9.4–14.1) 0.0017 

Weight (median in g) (IQR) (Germany N = 132; Türkiye 

N = 154) 
2,140 

(1,601–2,565) 
2,500 

(1,988–3,453) 
2,293 

(1,749–2,900) 
<0.0001 

Weight gain per day (mean in g) (SD) (Germany N = 132; 
Türkiye N = 153) 

16.4 (14.0–16.4) 18.2 (12.9–23.2) 17.1 (13.8–17.1) 0.1096 

At first 
retreatment 

PMA (median in weeks) (IQR) (Germany N = 85; Türkiye 

N = 61) 
42.0 (39.1–44.1) 47.1 (42.2–72.5) 43.1 (40.1–48.6) <0.0001 

PNA (median in weeks) (IQR) (Germany N = 87; Türkiye 

N = 61) 
17.6 (14.1–20.0) 21.4 (14.4–45.2) 18.5 (14.3–23.5) 0.0011 

Weight (median in g) (IQR) (Germany N = 46; Türkiye N = 25) 2,650 

(2,200–3,500) 
3,280 

(2,690–5,000) 
2,940 

(2,300–3,650) 
0.0082 

Time between initial treatment and first retreament (median in 

days) (IQR) (Germany N = 86; Türkiye N = 59) 
48.5 (26.0–64.3) 56.0 

(21.0–225.0) 
49.0 (21.0–76.0) 0.0345 

Bold values indicate the significant p-values. 

In the German cohort, about three quarters of treated eyes had 
plus disease (72.8%), and 18.7% pre-plus disease. In the Turkish 
cohort about two thirds of eyes (62.5%) had plus disease and 27.5% 
pre-plus disease at time of initial treatment. In both countries, only 
very few eyes were treated without plus disease or pre-plus disease 
being present (Germany 8.6%; Türkiye 10.0%) (Figure 1B). 

In Germany, zone II posterior was the most frequently affected 
zone at time of initial treatment (48.9%), followed by zone II 
anterior (37.4%). In Türkiye, zone II posterior and anterior were 
about equally prevalent (II posterior: 37.2%; II anterior: 41.0%). 
Zone I was present in Germany in only 9.3%, in Türkiye in 12.1%, 
and zone I secondary to notch was present in 3.0% (Germany) and 
6.2% (Türkiye). In both countries, only few eyes were treated for 
ROP in zone III (Germany 1.4%, Türkiye 3.5%) (Figure 1C). 

In the German cohort, treatment for the stage 3 eyes was 
more frequently initiated with fewer clock hours affected by 
neovascularizations compared to the Turkish cohort (one to three 
clock hours 23.5% vs. 16.6%). The majority of eyes in both 
countries, however, was treated with neovascularizations present in 
at least four clock hours (76.5% in Germany and 83.4% in Türkiye) 
(Figure 1D). 

ROP treatment 

More than 90% of infants in our cohort were treated bilaterally 
(93.3% in Germany; 90.9% in Türkiye). Treatment was applied 
in all but twelve of these infants in both eyes on the same day 
(only seven in Germany, five in Türkiye were initially treated 
bilaterally but on different days). The treatment method differed 

considerably between the two countries (Figure 2A). The vast 
majority of eyes at participating centers in Germany (94.4%) 
was treated with anti-VEGF (91.3% with ranibizumab, 3.1% with 

aflibercept), irrespective of the affected zone (Figure 2B). Laser 

coagulation was applied only to eyes treated for ROP in zone 

III and anterior zone II, in total only 4.3%. Four eyes (0.8%) 
received a combination of laser and ranibizumab. Two eyes (0.4%) 
in Germany were treated surgically (one eye with scleral buckling, 
and one eye with a combination of vitrectomy, lensectomy and 

synechiolysis) as initial treatment. In contrast, about half of all 
eyes at participating centers in Türkiye were treated with laser 

coagulation (48.2%). About 45% of eyes in Türkiye were treated 

with anti-VEGF, mainly bevacizumab (40.0%), and only a small 
percentage with ranibizumab (2.9%) and aflibercept (0.5%). As 
shown in Figure 2C, in Türkiye laser was mainly applied to eyes 
affected in more anterior zones (81.8% of eyes with zone III, 
81.5% of eyes with zone II anterior). In contrast, in zone I and 

zone I secondary to notch, laser was used only in 5.7% and 5.6%, 
respectively and anti-VEGF was the treatment method of choice in 

most eyes with zone I (bevacizumab: 62.9%; ranibizumab: 25.7%; 
aflibercept 5.7%) and zone I secondary to notch (bevacizumab: 
83.3%, ranibizumab: 11.1%). In the Turkish cohort, 4.8% of eyes 
were treated surgically as initial treatment (vitrectomy, scleral 
buckling, lensectomy, synechiolysis or a combination of different 
surgical treatment options) and 2.9% received a combination of 
different treatment methods (e.g., with a combination of laser, 
ranibizumab and vitrectomy; laser and bevacizumab; laser and 

ranibizumab; or bevacizumab, vitrectomy and lensectomy). 
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TABLE 2 Comorbidities as documented in the EU-ROP registry by country. 

Comorbidities documented in 
the EU-ROP registry 

Categories Germany 
(N = 267) 

Türkiye 
(N = 198) 

All patients 
(N = 465) 

P-value 

O2 supplementation N, (%) None 3 (1.3) 3 (1.4) 6 (1.5) 0.4935a 

≤5 days 7 (3.1) 10 (5.4) 17 (4.1) 

>5 days 216 (95.6) 173 (93.0) 389 (94.8) 

Unknown 27 5 22 

Missing 14 7 29 

Use of mechanical ventilation for O2 

supplementation N, (%) 
No 5 (2.2) 5 (2.9) 10 (3.2) 0.7528b 

Yes 215 (97.7) 165 (97.1) 300 (96.8) 

Unknown 3 13 16 

Missing – – – 

Germ positive sepsis N, (%) Absent 136 (62.7) 99 (55.0) 235 (59.2) 0.1254b 

Present 81 (37.3) 81 (45.0) 162 (40.8) 

Unknown 30 13 43 

Missing 20 5 25 

Intraventricular hemorrhage (IVH) N, (%) Absent 141 (66.2) 129 (69.7) 270 (69.6) 0.1640a 

Grade I 14 (6.6) 19 (10.3) 33 (8.5) 

Grade II 16 (7.5) 16 (8.4) 32 (8.2) 

Grade III 27 (12.7) 10 (5.4) 37 (9.5) 

Grade IV 9 (4.2) 6 (3.2) 15 (3.9) 

Yes, grade 

unknown 

6 (2.8) 5 (2.7) 11 (2.8) 

Unknown 34 9 43 

Missing 20 4 24 

Necrotising enterocolitis (NEC) N, (%) Absent 176 (81.1) 145 (80.1) 321 (80.7) 0.0015a 

Without need 

for surgery 

14 (6.5) 27 (14.9) 41 (10.3) 

With need for 

surgery 

27 (12.4) 9 (5.0) 36 (9.0) 

Unknown 30 13 43 

Missing 20 4 24 

Periventricular leucomalacia N, (%) Absent 187 (92.1) 151 (84.8) 338 (88.7) 0.0340b 

Present 16 (7.9) 27 (15.2) 43 (11.3) 

Unknown 44 16 45 – 

Missing 20 4 26 

Porencephaly N, (%) Absent 197 (97.0) 179 (96.8) 376 (96.9) >0.9999b 

Present 6 (3.0) 6 (3.2) 12 (3.1) 

Unknown 44 9 39 – 

Missing 20 4 26 

a Chi-square test. bFisher’s exact test was used to calculate p-value. Categories “unknown” and “missing” were excluded from these calculations. Bold values indicate the significant p-values. 

In the German cohort, we observed a very high frequency of 
anti-VEGF use throughout the whole observation period (2019– 

2025), with the first use of aflibercept documented in 2024 and 

increasing use in 2025. In the Turkish cohort, we observed an 

increase in the use of anti-VEGF (mainly bevacizumab) over 

our observation period: while in 2019 only 13.3% of eyes were 

treated with anti-VEGF, this rate increased to 56.3% in 2025) 
(Supplementary Figure 2). 

Over half of all initial treatments in Germany (57.3%) were 

performed under analgosedation, followed by about a third 

(32.1%) under general anesthesia with intubation or laryngeal 
mask applied for ROP treatment. In an additional 6.9% of 
procedures, an existing intubation or laryngeal mask was already 

in place when ROP treatment was performed. Only 3.8% of infants 
were treated under local anesthesia in the German cohort. In 

Türkiye, more infants received intubation or laryngeal mask for 
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FIGURE 1 

Severity of ROP at time of initial treatment. (A) ROP severity according to mROP-ActS by Pivodic et al. (13); (B) severity of (pre-)plus disease; (C) 
location of ROP by zones; (D) extension of neovascularizations in clock hours. 

FIGURE 2 

Initial treatment by country (A); initial treatment by zone in Germany (B) and Türkiye (C). N, Eyes; surgical treatment: vitrectomy, scleral buckling, 
lensectomy or combinations of different surgical methods; Combi, combination: at least two treatment options combined (e.g., laser and anti-VEGF; 
surgical treatment and anti-VEGF; laser, anti-VEGF and vitrectomy). 

ROP treatment (48.0%) and in an additional 13.6% an existing 

intubation or laryngeal mask was already in place when ROP 

treatment was performed. About a third (30.8%) of treatments 
in the Turkish cohort were performed under analgosedation, 
and 7.6% with local anesthesia alone (Supplementary Figure 3A). 
When analyzing the distribution of anesthesia by treatment 
modalities, we observed that in the Turkish cohort almost all 
laser coagulations were done under general anesthesia (96.8%), 
in the German cohort this was the case only in 70% while 

30% were done under analgosedation, which was only used in 

1.1% in the Turkish laser treated infants. The predominant form 

of anesthesia for anti-VEGF treatments was analgosedation in 

both countries (Germany 58.8% of ranibizumab treated eyes, 
Türkiye 75.6% of bevacizumab treated eyes). Some of the anti-
VEGF treatments were done with local anesthesia alone (3.8% 

of infants treated with ranibizumab and 12.5% of infants treated 

with aflibercept in the German cohort, 14.1% of infants treated 

with bevacizumab and the one infant treated with aflibercept in 

the Turkish cohort), and in Türkiye even 2.1% of laser treatments 
were conducted under local anesthesia alone (Supplementary 

Figures 3B, C). 
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FIGURE 3 

Retreatment rate by country (A); retreatment rate by initial treatment method (B); retreatment rate by initial treatment method in Germany (C) and 
Türkiye (D). 1 active ROP includes stage 5/ 4b/ 4a/ aggressive ROP (A-ROP)/ I,3+/ I,2+/ I,3–# / I,1+# / II,3+/ II,2+/ I,2–# / II,1+# / I,1–/ III,3+/ II,3–/ II,2–/ 
III,2+# / II,1–/ III,1+# / III,3–/ III,2–/ III,1–. The combinations marked with # were not present in this cohort. +23 eyes initially treated with laser 
coagulation for PAR and not active ROP and 1 eye treated surgically due to persistent fetal vasculature are excluded from retreatment analyses. *For 
one eye in Germany and three eyes in Türkiye the type of initial treatment was not documented. These eyes are excluded in panels (B–D). 

ROP retreatment 

In total, 894 eyes treated for ROP are included in this analysis. 
Of these, 23 eyes were initially treated with laser coagulation 
for PAR and not active ROP. In addition, one eye was treated 
surgically with a combination of a vitrectomy and a lensectomy 
due to persistent fetal vasculature. These 24 eyes were excluded 
from all analyses regarding ROP retreatment rates since their initial 
treatment was not for active treatment-warranted ROP. Therefore, 
870 eyes are included in the analyses regarding retreatment rates. It 
should also be noted that retreatment can occur either because of 
reoccurrence of active ROP or for PAR, i.e., for stages that have no 
active treatment-warranted ROP. 

A total of 248 eyes (28.5%) received at least one retreatment 
for ROP (28.1% in the German cohort and 29.1% in the Turkish 
cohort; Figure 3A). For demographic parameters at retreatment, see 
Table 1. Children in Germany had their first retreatment on average 
at an earlier postmenstrual age (PMA) and postnatal age (PNA) 
than infants in Türkiye and were also lighter at first retreatment. 
The time between initial treatment and first retreatment was 
significantly different between the two countries [around 50 days 
(range: 2–135 days) in Germany and 115 days (range: 1 to 396 days) 
in Türkiye; p < 0.0001]. 

When comparing retreatment rates by type of initial treatment, 
the highest retreatment rate was documented after aflibercept 
(44.4%; note: only 18 eyes were originally treated with aflibercept). 
The retreatment rate after bevacizumab was the second highest 
with 36.4% and the lowest retreatment rate of the three anti-VEGF 
agents was documented for ranibizumab with 30.5% (Figure 3B). 
Of the 181 eyes initially treated with laser coagulation (note 23 eyes 
were excluded here as they were initially treated only for avascular 
retina and not active ROP), 16.0% needed at least one additional 
treatment. Of the 34 eyes treated either surgically, or with a 
combination of different treatment methods as initial treatment, 
seven received an additional treatment (20.6%) (Figure 3B). The 
retreatment rates by initial treatment method differed between the 
two countries (Figures 3C, D): while all eleven eyes in Türkiye that 
had received ranibizumab as initial treatment received retreatment, 
less than a third of the eyes treated with ranibizumab as initial 
treatment in Germany received a retreatment (28.9%; 136 of 471 
eyes). Retreatment rates after laser coagulation were higher in the 

Turkish cohort compared to the German cohort (17.0% vs. 9.1%). 
Here one has to keep in mind that especially in the Turkish cohort, 
anti-VEGF has been predominantly used in eyes with posterior 
ROP which might have affected the later need for retreatment (anti-
VEGF was used in 94.3% of eyes affected with ROP in zone I; in 
94.4% in zone I secondary to notch and in 73.1% in posterior zone 
II). 

As pointed out above, it is important to distinguish between 
eyes that are retreated due to reactivation of treatment-warranted 
ROP and those that receive their retreatment due to PAR. 
Unfortunately, it is not possible to make this distinction with 
certainty based on the data entered into the EU-ROP database 
at the moment (a database amendment has just recently been 
implemented). In the German cohort, no eye was retreated with 
a documented stage of “no ROP,” but three eyes in Germany 
were retreated due to ROP stage 3- in zone III (one with 
ranibizumab, two with laser coagulation). In Türkiye, 34 eyes 
received retreatment with a documented stage of “no ROP” with 
laser coagulation. This was especially the case in the eyes initially 
treated with bevacizumab, where 47.3% of all retreatments (26 of 
55) were performed at a documented stage of “no ROP”. In six of 
27 eyes (22.2%) with retreatment after initial laser treatment, “no 
ROP” was documented at the time of retreatment. No eye initially 
treated with ranibizumab was retreated for “no ROP” (Figure 3D). 

The predominant treatment method for first retreatments in 
the German cohort was ranibizumab (76.6%) (Figure 4A), while 
in the Turkish cohort most eyes received laser coagulation as first 
retreatment (79.6%) (see Figures 4B–D). Overall, 55 eyes needed 
a second retreatment [29 of 516 in Germany (5.6%); 26 of 354 
in Türkiye (7.3%)], 10 eyes required a third retreatment [nine 
in Germany (1.7%), six in Türkiye (1.7%)] and three eyes in 
Germany received even a fourth retreatment (0.6% of all eyes). 
Two eyes in Germany needed a fifth retreatment and one eye even 
six retreatments (see Supplementary Figures 4A,B for a detailed 
overview of the different types of retreatments). 

Unfavorable outcomes 

The aim of ROP screening is to detect treatment-warranted 
ROP as early as possible to avoid progression to (partial) retinal 
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FIGURE 4 

Type of retreatment by initial treatment method and ROP severity at retreatment per country. [(A) Germany initial ranibizumab; (B) Türkiye initial 
ranibizumab; (C) Türkiye initial bevacizumab; (D) Türkiye initial laser]. Nine further eyes were retreated in Germany: two after initial laser coagulation, 
retreatment with laser coagulation and cryocoagulation at II, 3+; one eye after an initial combination of laser and ranibizumab with a combination of 
laser and ranibizumab at I, 1–; six after initial aflibercept, retreatment of five eyes with aflibercept at II, 3+ and one eye with aflibercept at II, 3–. Ten 
further eyes were retreated in Türkiye: two for which type of initial treatment was not documented were treated with laser at unknow ROP severity; 
one after initial aflibercept with bevacizumab at II, 2– and one after initial aflibercept with laser at no ROP; six eyes after initial combination 
treatment: one surgical at 5 and one surgical at 4a, three surgical at I, 2+ and one with laser at no ROP. 

detachment. At initial treatment, 20 eyes in the Turkish cohort 
were treated for a complete retinal detachment (ROP stage 5), three 
eyes (two in Germany, one in Türkiye) for stage 4b and eight eyes 
(three in Germany, five in Türkiye) for stage 4a (see Figure 1A and 
Supplementary Table 1). After initial treatment with ranibizumab 
for A-ROP, ROP stage 3+ in zone I, stage 3+ in zone II or stage 3-
in zone II ten eyes of nine infants (2.1% of all eyes initially treated 
with ranibizumab) progressed to stage 4a, 4b or 5. One eye treated 
with bevacizumab for ROP stage 2- in zone I progressed to stage 4a 
(0.7% of all eyes initially treated with bevacizumab), one eye treated 
with laser for ROP stage 3- in zone II progressed to 4a (0.6% of 
all eyes initially treated with laser) and one eye that was initially 
treated with a combination of laser and bevacizumab for A-ROP 
progressed to stage 5 (see Supplementary Figure 5). 

Discussion 

The EU-ROP registry was established in 2021 as an 
international expansion of the German Retina.net ROP registry. 
The objective of this registry is to study the typical clinical features 
of infants with treatment-warranted ROP and detect regional 
variations in phenotype, patient demographics and treatment 
patterns. Data collection in a joint database results in extensive 
comparable datasets forming the foundation for various analyses 
with comparisons on country level being one of them. It has to 
be kept in mind, that our data is not representative for Germany 
and Türkiye on a country level but only for participating centers. 
Referral patterns and center-specific treatment preferences may 
have influenced the reported distributions. While with 24 centers 
in Germany and eight centers in Türkiye, we do cover a significant 

portion of ROP treatment centers, values may be different at other 
centers not participating in the EU-ROP registry. 

The key findings of this first comparison of two large 
contributors to the registry, Germany and Türkiye, are: 

(1) demographical characteristics of infants treated for ROP 
differ considerably between the German and the Turkish cohort 
with infants in Türkiye being older at birth and at the time of initial 
treatment; 

(2) while in Germany a large majority of eyes was treated for 
ROP stage 3+ in zone II, Türkiye had a higher variability in ROP 
severities at the time of initial treatment with more treatments both 
for incomplete vascularization as well as severe ROP (zone I and 
A-ROP) compared to Germany; 

(3) over 90% of eyes at participating centers in Germany were 
treated with ranibizumab while in Türkiye laser coagulation and 
bevacizumab were the most prevalent treatment modalities with 
a significant treatment bias toward bevacizumab for more central 
(severe) ROP stages and laser therapy for more anterior (milder) 
stages; 

(4) retreatment rate after ranibizumab was lower than after 
bevacizumab with two caveats: first, bevacizumab was mainly 
used (in Türkiye) for posterior ROP in a cohort of infants with 
smaller GA at birth and birth weight, while ranibizumab (in 
Germany) was also used in a high percentage of eyes with ROP 
in anterior zone II; second, about half (47.3%) of all retreatments 
after initial bevacizumab treatment were with laser treatment due 
to “no ROP” (PAR); retreatments after bevacizumab occurred 
considerably later compared to ranibizumab; laser therapy showed 
lower retreatment rates. 

ROP is a disease that is highly sensitive to subtle differences in 
neonatal and ophthalmological care (2, 6). The neonatal mortality 
rate per 1,000 live births is twice as high in Türkiye (4.9 in 2023) 
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than in Germany (2.3 in 2023), with an even higher difference 
between the two countries at the beginning of the observation 
period (5.6 in Türkiye vs. 2.3 in Germany in 2019) (7). Differences 
in neonatal intensive medicine may have influenced the observed 
differences in gestational age (GA) and birth weight of infants 
with treatment-warranted ROP between the German and Turkish 
cohort and may also have impacted the relatively higher rate 
of A-ROP in Türkiye (17.9%) in contrast to Germany (4.9%) 
(15). Also variations in oxygen management strategies between 
NICUs/countries may have contributed to the observed differences 
as oxygen exposure and fluctuations in oxygen saturation are well-
established risk factors for the development of severe ROP (16). 
The method of oxygen supplementation is not documented in the 
EU-ROP registry, only the duration of oxygen supplementation 
(in days) until initial treatment, which did not differ significantly 
between the two groups (see Table 2). Interestingly, some reports 
from Türkiye found GA and birth weight data for Türkiye that 
were closer to those reported here for Germany (17) while others 
report almost identical values as reported in the current analysis 
(18). For Germany, the demographic characteristics at birth and 
at initial treatment are comparable to previous reports from the 
German Retina.net ROP registry and to other countries with highly 
developed neonatal care such as Sweden (19, 20). Countries like 
Poland and Greece, although their WHO neonatal mortality rate 
is comparable to Germany, have reported slightly higher GA (both 
26 weeks) and birth weight among their infants treated for ROP 
(868 and 725 g) (21, 22). National ROP screening guidelines differ 
slightly between countries. According to the German screening 
guidelines, infants born at a gestational age (GA) of less than 
31+0 weeks, or with a birth weight below 1,500 g if GA is unknown, 
are included in ROP screening (23). In Türkiye, infants born at 
≤34 weeks GA or with a birth weight ≤ 1,700 g are screened (24). 
These national screening criteria are regularly revised and adapted 
based on epidemiological data and clinical experience to ensure 
that infants at risk for treatment-requiring ROP are appropriately 
identified and not missed. Therefore, we believe that the differences 
observed in our dataset are more likely to reflect the underlying 
clinical reality and disease burden within the respective populations 
rather than differences in guidelines. 

While the majority of eyes in Germany were treated due to ROP 
stage 3+ in zone II (56.1%), this percentage was considerably lower 
than in previous studies of the German Retina.net ROP registry, 
where up to 76.6% had been diagnosed with ROP stage 3+ in zone 
II at initial treatment (19). The second most prevalent ROP severity 
in Germany was zone II, 3- (20.9%), of which 69.8% were diagnosed 
with pre-plus disease. This indicates that in many cases an earlier 
treatment is considered at German centers, potentially taking into 
account the ETROP study results indicating that in some cases 
earlier treatments can yield better results (25). 

It is interesting to observe that at participating centers in 
the German cohort ranibizumab has almost completely replaced 
laser coagulation or bevacizumab treatment, irrespective of zone. 
This is different in the Turkish cohort where we observe a 
distinction between central ROP, which is primarily treated with 
anti-VEGF (bevacizumab predominating), and more peripheral 
ROP, where laser coagulation is more prevalent. The preference 
for bevacizumab observed in Türkiye may reflect the influence 
of national reimbursement policies on clinical decision-making. 
This finding underscores that the choice of anti-VEGF agent 

is not determined solely by clinical evidence but is also 
affected by country-specific healthcare policies and reimbursement 
frameworks. These contextual factors should be considered when 
interpreting international differences in treatment patterns. In both 
countries, aflibercept was documented in only very few cases (16 
eyes in Germany, two eyes in Türkiye). Here one needs to keep 
in mind that aflibercept was only approved for ROP at the end of 
2022 by the EMA and it will be interesting to observe how the use 
will evolve in the next years. In Germany we observed an increase 
in the use of aflibercept from 2024 (3.7%) to 2025 (22.6%). For 
Türkiye, only two eyes were treated in 2022 with aflibercept in the 
current cohort. For Türkiye, however, several reports have been 
published on the use of aflibercept for ROP (26–28). Unfortunately, 
not all Turkish centers are participating in the EU-ROP registry, a 
limitation that we strive to overcome in the coming years. 

One possible reason why laser treatment may be preferred 
over anti-VEGF in Turkish centers may be the fact that treatment 
centers in Türkiye are often referral centers and infants and their 
families may live far away from the treatment center, rendering 
frequent follow-ups, as required after anti-VEGF, difficult. In 
these cases, a definitive treatment with laser coagulation might be 
preferred (17, 29). 

The high percentage of ranibizumab use in Germany (more 
than 90% at participating centers) is striking, even compared to 
other Western countries like Sweden where in 2020 and 2021 anti-
VEGFs in total were only used in less than 30% of children (30), 
Poland (data from 2021, about 35% ranibizumab) (21) or the US 
(2015–2017 about 30% anti-VEGF, no newer data available) (31). 

Interestingly, despite considerable differences in treatment 
modalities between Germany and Türkiye, the retreatment rates 
seem comparable (28.1% in the German cohort vs. 29.1% in the 
Turkish one). It is, however, very important to differentiate in 
this context, why a retreatment was performed. Unfortunately, the 
reason for retreatment is currently not a specific question in the 
EU-ROP questionnaire. This has just recently been changed with 
a database amendment in October 2025 and will thus be available 
in future analyses. For the study population investigated here we 
can, however, only speculate that the severity of ROP at the time of 
retreatment may reflect to some degree whether active treatment-
warranted ROP or PAR were the reasons why retreatment was 
performed. While in Germany all eyes at the time of retreatment 
were documented with some severity of ROP (although it is 
debatable if ROP III 3- actually reflects a treatment-warranted ROP 
stage or may rather be treatment for PAR), in Türkiye we observed 
33.0% of eyes at retreatment without any stage of active ROP (i.e., 
but avascular peripheral retina at time of retreatment). No ROP, 
when excluding all eyes with “no ROP” at time of retreatment, the 
overall retreatment rate in Türkiye is reduced from 29.1% to 19.5%. 
In addition, the considerably higher mean PMA at retreatment 
in Türkiye compared to Germany (57.8 vs. 42.1 weeks) may 
serve as an indicator that a certain percentage of eyes in Türkiye 
received their second treatment for PAR and not active ROP. 
Differences in follow-up accessibility and referral geography may 
influence retreatment strategies, especially regarding prophylactic 
laser treatment for PAR after anti-VEGF therapy. Currently, there is 
no global consensus on the management of PAR, and the necessity 
of laser intervention in these quiescent cases remains a subject of 
debate, but retreatment indications appear to be fundamentally 
different between the two observed cohorts. 
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As mentioned before, one of the limitations of the EU-ROP 

registry currently still is that the data are only representative 

for participating sites and not the whole countries. We strive to 

overcome this limitation in the next years as we are continuously 

working on expanding the registry within countries and also to 

additional countries in geographical Europe. Another limitation 

of this study is that no multivariate analysis was performed 

to adjust for potential differences in demographic parameters 
between countries. Therefore, the observed differences should be 

interpreted with caution, as residual confounding factors cannot 
be excluded. Given the exploratory and descriptive nature of the 

study, we focused on reporting unadjusted comparisons. While 

in general the ICROP3 classification system was used for grading 

ROP severity, we do not collect information on possible grading 

specificities at participating centers. Center-specific variables, for 

example in grading A-ROP or other ROP stages, may therefore 

affect ROP severity gradings. Across the relatively large number 

of centers in both countries, however, we feel that center-specific 

confounders should be limited when interpreting the aggregated 

data per country. 

Conclusion 

In summary, this is the first analysis from the EU-ROP registry 

comparing real-world treatment data between two countries. 
We observed considerable differences between the Turkish and 

German cohorts regarding demographic data, ROP severities, 
treatment patterns, and retreatment approaches. With more data 

from more centers across Europe to come, we hope to continue 

to contribute to a better understanding of ROP treatment and 

outcome. In this manuscript we still lack long-term structural or 

visual outcomes, which would be of particular interest given the 

differences in anti-VEGF and laser treatment strategies in the two 

countries. These parameters are collected in the EU-ROP registry, 
but can usually only reliably be assessed after the treated children 

reach a certain age. For more details, please visit www.eu-rop.org. 
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