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Abstract
Introduction: The aim is to evaluate the incidence of retinopathy of prematurity within three years in premature babies followed up in our clinic, to determine the risk factors that play a role in the development of retinopathy, to evaluate intravitreal
ranibizumab treatment and its results.
Methods: Babies with a birth weight of ≤32 weeks and/or a birth weight of ≤1500 grams and babies determined to be at
risk by the clinician were examined for the development of retinopathy. Risk factors including week of birth, birth weight,
mode of delivery, gender, APGAR scores, need for mechanical ventilation, ≥40% oxygen therapy, duration of oxygen therapy,
surfactant therapy, acidosis, hypoxia, sepsis, erythrocyte transfusion, intraventricular hemorrhage, apnea and anemia were
compared between cases who developed or did not develop retinopathy of prematurity.
Results: The mean birth week of the babies was 30.1±0.24 weeks (23-36 weeks), and the mean birth weight was 1362.3±378.6
grams (450-2020 grams). Retinopathy of prematurity at different stages was detected in 21 (16.2%) of 130 patients. Eight
(6.1%) of all patients screened for retinopathy of prematurity required treatment. Intravitreal ranibizumab was administered
to seven patients (5.3%) with Stage III retinopathy, and both ranibizumab and laser therapy were applied to one patient with
Stage IV retinopathy. Week of birth and low birth weight (p<0.001), duration of oxygen therapy (p<0.001), receiving surfactant treatment (p=0.002), sepsis (p<0.001), blood transfusion (p<0.001), intraventricular haemorrhage (p=0.019), apnea
(p<0.001), anemia (p<0.001), hypoxia (p<0.001), acidosis (p<0.001) and low APGAR score (p<0.001) were found to significantly decrease the risk of developing retinopathy of prematurity.
Discussion and Conclusion: The development of retinopathy of prematurity can be reduced by appropriate management
of risk factors that increase retinopathy of prematurity, such as low birth week and weight, high concentration and long-term
oxygen use. Although there is no clear recommendation for the treatment of retinopathy of prematurity, it is thought that
intravitreal ranibizumab treatment may be a good option in selected cases.
Keywords: Meonatal; ranibizumab; retinopathy of prematurity.

R

etinopathy of prematurity (ROP) is a physiopathological condition of unknown pathogenesis, characterized
by retinal neovascularization, macular dragging and consequent retinal detachment in the developing retinas of

premature infants with low birth weight[1]. ROP is the leading cause of childhood blindness worldwide, especially in
developing countries[2]. Although the pathogenesis of ROP
has not been fully elucidated, retinal damage develops as
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a result of first the cease of development of blood vessels
in the retina due to hyperoxia, asphyxia, hypothermia, and
acidosis, and then the onset of neovascularization with hypoxia as a result of impaired blood supply to the retina[3,4].
Early detection of retinal damage and appropriate treatment can prevent blindness in these infants. Especially in
recent years, in parallel with the increase in the quality of
newborn care with the developing technology, the chance
of survival of babies with low birth weight and low birth
week has increased, and ROP has become a more common
problem[4]. In many studies, it has been found that both
the development of ROP and the development of severe
ROP increase proportionally with low birth week and low
birth weight[5-7]. In this study, it was aimed to evaluate the
incidence of ROP within three years in premature infants
followed up in our clinic, to determine the risk factors that
play a role in the development of ROP, and to evaluate the
intravitreal ranibizumab (IVB) treatment and its results.

Materials and Methods
Infants who were hospitalized in our unit between April
2017 and April 2020, with a birth week of less than 32
weeks and/or a birth weight of less than 1500 grams, and
babies with a birth week above 32 weeks and/or a birth
weight of 1500 grams and who required cardiorespiratory support and were determined to be at risk of ROP
by the clinician, were examined in terms of ROP development by the Department of Ophthalmology in line with
the recommendations of the American Academy of Pediatrics. ROP examinations were performed in the Neonatal
Intensive Care Unit (NICU) or in Ophthalmology Outpatient Clinic (for discharged infants), after dilating the eye
pupils with 2.5% phenylephrine and 0.5% tropicamide.
Ophthalmological examinations were repeated at regular intervals according to the severity of the retinopathy, using the follow-up program recommended by the
American Academy of Pediatrics, until complete vascularization of the retina reached zone 3 (the most peripheral
region of the temporal retina). Medical records of retinal
examinations of preterm infants who met the screening
criteria were evaluated retrospectively. The criteria for the
treatment of ROP were determined according to the early
treatment ROP (ETROP)[8]. According to the International
Classification of Retinopathy of Prematurity, stages 1 to 2
were divided into 5 stages defined as mild ROP, and stages
3 to 5 as severe ROP. Those who needed treatment for ROP
were also defined as severe ROP[9]. Risk factors including
week of birth, birth weight, mode of delivery, gender,
APGAR scores, need for mechanical ventilation, ≥40%
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oxygen therapy, duration of oxygen therapy, surfactant
therapy, acidosis, hypoxia, sepsis, erythrocyte transfusion,
intraventricular hemorrhage, apnea and anemia that may
affect the development of ROP were compared in cases
with and without ROP. Our study also investigated the
need for laser photocoagulation, intravitreal ranibizumab
(IVR), and vitreoretinal surgery for ROP.
Data were evaluated using IBM SPSS version 23.0 statistical package program and R version 4.0.0 software.
Numerical variables in the study were expressed as mean,
standard deviation, median, minimum and maximum
values, and categorical variables were expressed in numbers and percentages. Comparisons of two independent
groups for numerical variables were made using independent groups t-test for those who provided the normality assumption and the Mann-Whitney U test for those
who did not. Comparisons between categorical variables
were made using Pearson's Chi-square test, and Fisher's
Exact Chi-square and Exact Chi-square tests were used
when necessary. The relationships between the variables
thought to affect the development of ROP were examined
with the firth logistic regression model. As a result of the
regression model, the odds ratio is presented together
with the confidence interval of the odds ratio and the
significance value of the model. P<0.05 was accepted as
statistical significance level. Our study was approved by
the ethics committee (Decision no: 2021-03/31). Informed
consent was obtained from parents prior to initial ROP
screening and treatment.

Results
The mean birth week of 130 premature babies screened to
detect ROP in our clinic was 30.1±0.24 weeks (23-36 weeks),
and the mean birth weight was 1362.3±378.6 grams (4502020 grams). 72 of the patients included in the study were
male and 58 were female. 93.1% of the patients were delivered by cesarean section. The descriptive characteristics of
the patients are shown in Table 1.
Of the 130 patients evaluated, 21 had ROP at different stages
[n=12 Stage I (9.2%); n=2 Stage II (1.4%); n=6 Stage III (3%);
n=1 Stage IV (0.7%)], and severe ROP was detected in 8 of
them. The birth week of 66.7% of babies with ROP was ≤27
weeks, and 33.3% of them were between 28-31 weeks. ROP
was not detected in any infant above ≥32 birth weeks. The
birth week of 87.5% of babies with severe ROP was ≤27 weeks.
A statistically significant correlation was found between the
detection status of ROP and the severity of ROP and the week
of birth (p<0.001). Birth weight of 81% of infants with ROP
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Table 1. Descriptive characteristics of patients
		

n		

Gender
Female
58		
Male
72		
Birth Week
≤27 weeks
17		
28-31 weeks
79		
32-33 weeks
29		
≥34 weeks
5		
Birth Week
Mean±Standard Deviation		
30.1±2.24
Minimum-Maximum		
23-36
Median (1. Quartile -3. Quartile)		
30.0 (28.0-32.0)
Birth Weight
≤1000 gr
27		
1001-1250 gr
24		
1251-1500 gr
29		
>1500 gr
50		
Birth Weight
Mean±Standard Deviation		
1362.6±378.6
Minimum-Maximum		
450-2020
Median (1. Quartile -3. Quartile)		
1400.0 (1088.7-1680.0)
Mode of Delivery
Normal
9		
Cesarean
121		

%
44.6
55.4
13.1
60.8
22.3
3.8

20.8
18.5
22.3
38.5

6.9
93.1

n: Number.

was ≤1000 grams. ROP was not detected in any patient with
a birth weight of >1250 grams. The birth weight of all babies
with severe ROP was <1000 grams. A statistically significant
correlation was found between the presence status of ROP
and the severity of ROP and birth weight (p<0.001).

apnea (p<0.001), anemia (p<0.001), hypoxia (p<0.001), acidosis (p<0.001) and low APGAR score (p<0.001) were found
to significantly increase the risk of developing ROP.

Of all patients screened for ROP, 8 required treatment. IVR
was applied to 7 patients with Stage III ROP, and ranibizumab
and laser therapy were applied to 1 patient with Stage IV ROP.
Low birth weight and gestational age, high concentration
of oxygen therapy, sepsis, blood transfusion, intraventricular hemorrhage (IVH), apnea, anemia, hypoxia and acidosis
were found to be associated with the development of ROP.
Comparison of risk factors for ROP is shown in Table 2. The
relationships between the variables thought to affect the development of ROP were examined with the univariate firth
logistic regression model (Table 3).

In our clinic, we found the incidence of ROP to be 16.2%
during a three-year follow-up, in infants with a birth weight
of less than 32 weeks and/or birth weight of less than 1500
g, and infants with a birth weight of over 32 weeks and/or
birth weight of over 1500 g, who required cardiorespiratory
support and determined to be at risk of ROP by the clinician. Our ROP frequency was found to be lower when compared to the results reported from countries that applied
similar screening protocols in the literature[6,10-12].

Accordingly, it was determined that the week of birth and
low birth weight (p<0.001), the duration of oxygen therapy
(p<0.001), the presence of surfactant treatment (p=0.002),
sepsis (p<0.001), blood transfusion (p<0.001), IVH (p=0.019),

Discussion

The most effective risk factors in the development of ROP
are low birth weight and gestational week[4]. In a multicenter study, cryotherapy for ROP (CRYO-ROP), which included
4099 infants with a birth weight of ≤1250 g, low birth
weight and gestational week were found to be associated
with ROP[13]. In subsequent studies, it was found that low
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Table 2. Comparison of risk factors for ROP in infants with and without retinopathy
					

ROP							

Severe ROP

			Absent			 Present				Absent			Present
		

n		 %1

n		%1

n		%1

n		%1

p

14		 66.7
7		33.3
-		 -		 -

3		 2.8
<0.001a
72		66.1		
29		26.6		
5		4.6		

7		87.5
1		12.5
-		 -		 -

10		 8.2
78		 63.9
29		23.8
5		4.1

<0.001a

17		 81.0
4		 19.0
-		 -		 -

10		 9.2
<0.001a
20		 18.3		
29		26.6		
50		45.9		

8		100.0
-		
-		 -		 -

19		 15.6
24		 19.7
29		23.8
50		41.0

<0.001a

11		 52.4
10		47.6

47		43.1
0.434b
62		56.9		

4		50.0
4		50.0

54		 44.3
68		 55.7

1.000c

-		 21		100.0

9		 8.3
0.353c
100		 91.7		

-		 8		100.0

9		7.4
113		 92.6

1.000c

21		100.0
-		 -

3		 2.8
<0.001a
106		97.2		

8		100.0
-		 -

16		 13.1
106		86.9

<0.001a

21		100.0
-		 -

90		 83.3
0.034a
18		16.7		

8		100.0
-		 -

103		 85.1
18		14.9

0.372a

21		100.0
-		 -

79		 72.5
0.003a
30		27.5		

8		100.0
-		 -

92		 75.4
30		24.6

0.197a

17		 81.0
4		 19.0

16		14.7
<0.001b
93		85.3		

8		100.0
-		 -

25		 20.5
97		 79.5

<0.001a

21		100.0
-		 -

25		 22.9
<0.001b
84		77.1		

8		100.0
-		 -

38		 31.1
84		68.9

<0.001a

5		 23.8
16		76.2

7		 6.4
0.025a
102		93.6		

4		50.0
4		50.0

8		 6.6
114		 93.4

0.002a

21		100.0
-		 -

20		 18.3
<0.001b
89		81.7		

8		100.0
-		 -

33		 27.0
89		73.0

<0.001a

21		100.0
-		 -

21		 19.3
<0.001b
88		80.7		

8		100.0
-		 -

34		 27.9
88		72.1

<0.001a

15		 71.4
6		 28.6

-		 <0.001a
109		100.0		

8		100.0
-		 -

7		 5.7
115		 94.3

<0.001a

14		 70.0
6		 30.0

-		 <0.001a
109		100.0		

7		100.0
-		 -

7		 5.7
115		 94.3

<0.001a

p

Birth Week
≤27 weeks
28-31 weeks
32-33 weeks
≥34 weeks
Birth Weight
≤1000 gr
1001-1250 gr
1251-1500 gr
>1500 gr
Gender
Female
Male
Mode of Delivery
Normal
Cesarean
≥%40 Oksigen
Present
Absent
Mechanical Ventilation
Present
Absent
Surfactant treatment
Present
Absent
Sepsis
Present
Absent
Blood transfusion
Present
Absent
Intraventricular Haemorrhage
Present
Absent
Apnea
Present
Absent
Anemi
Present
Absent
Hypoxia
Present
Absent
Acidosis
Present
Absent

n: Number; 1: Column percentage; a: Fisher’s Exact chi-square test; b: Pearson chi-square test; c: Fisher’s exact test; ROP: Retinopathy of prematurity.
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Table 3. Logistic regression analysis results between variables and ROP development
			
		
Gender
Female
Male
Birth week
Birth weight
Mode of delivery
Normal
Cesarean
Oxygen treatment duration
Mechanical ventilation
Present
Absent
Surfactant treatment
Present
Absent
Sepsis
Present
Absent
Blood transfusion
Present
Absent
Intraventricular Haemorrhage
Present
Absent
Apnea
Present
Absent
Anemia
Present
Absent
Hypoxia
Present
Absent
Acidosis
Present
Absent

OR

ROP
95% CI

1		
0.69
0.27-1.74
0.21
0.09-0.39
0.992
0.987-0.995
1		
4.06
0.48-531.34
1.05
1.03-1.08

p
0.435a
<0.001a
<0.001a
0.243a
<0.001a

2.46
1

0.77-10.08

0.128a

16.49
1

2.15-2120.33

0.002a

22.03
1

7.42-78.85

<0.001a

142.49
1

18.50-18341.79

<0.001a

4.55
1

1.29-15.40

0.019a

187.73
1

24.12-24219.70

<0.001a

176.99
1

22.80-22822.68

<0.001a

522.23
1

59.23-69484.22

<0.001a

488.53
1

54.92-65071.55

<0.001a

1: Column percentage; a: The likelihood-ratio statistics obtained in Firth logistic regression; ROP: Retinopathy

of prematurity; CI: Confidence interval.

birth week and birth weight were associated with both the
development of ROP and the need for treatment[14-17]. In
our case group, a significant relationship was found between the development of ROP and babies with lower
birth weight and earlier gestational weeks, parallel to the
literature. Each weekly increase in the birth week of babies
increased the probability of developing ROP by 79% (OR:
0.21, 95% CI, 0.09-0.39; Table 3), and each gram increase in

birth weights increased the probability of developing ROP
by 1% (OR: 0.992, 95% CI, 0.987-0.995; Table 3).
Oxygen therapy is known to increase the risk of developing ROP[4]. Supplemental oxygen use, oxygen concentration, and duration of oxygen use are among the
most frequently identified risk factors for severe ROP
and ROP that requires treatment[4,18]. Many studies have
found that the duration of oxygen therapy increases the
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risk of developing severe ROP[19-21]. In this study, similar
to other studies, it was found that the duration of oxygen therapy increased the risk of developing ROP, and a
statistically significant relationship was found between
exposure to high concentrations of oxygen and the development of ROP. Each daily increase in the duration of
oxygen use increased the risk of ROP 1.05 times (OR:1.05,
95% CI, 1.03-1.08; Table 3).
Hemoglobin concentrations decrease and anemia of prematurity develops in premature infants due to frequent
postnatal blood tests and insufficient erythropoiesis[22].
Both anemia and erythrocyte transfusions for the treatment of anemia are known risk factors for the development
of ROP[23]. In the study of Hengartner et al.[24], they found
that multiple blood transfusions were associated with the
development of advanced ROP. Zhu et al.[25] revealed in
their meta-analysis that erythrocyte transfusions were an
independent risk factor for the development of ROP, especially in small premature infants. In our study, similar
to previous studies, we found that there was a significant
relationship between anemia and erythrocyte transfusion
and the development of ROP, and that they increased the
risk of ROP. Therefore, we think that the development of
ROP may decrease with the use of restrictive transfusion
guidelines and the restriction of the number of transfusions, especially when making blood transfusion decisions
in small premature infants.
Neonatal sepsis is among the most commonly identified
risk factors for ROP at any stage and for severe ROP[4,17].
Many studies have found a close relationship between
the development of ROP and sepsis[14,26]. According to
the meta-analysis results of Wang et al.[27], it was determined that sepsis increased the development of ROP
and severe ROP. In this study, in parallel with the results
of other studies, we found that there was a significant relationship between sepsis and the development of ROP,
and we found that the risk of developing ROP increased
in babies with sepsis.
According to the results of several studies, acidosis has also
been shown to increase the risk of developing ROP[28,29].
In the study of Extremely Low Gestational Age Newborns,
29 researchers thought that preterm babies with blood
gas disorders in two of the first three days of life might be
at risk of severe ROP, and based on this hypothesis, they
concluded that repeated low pH in the first three days was
associated with an increased risk of severe ROP[30]. In our
study, we found acidosis in 70% of infants who developed
ROP. Similar to the results of other studies, we found a sig-
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nificant relationship between acidosis and the development of ROP.
The most important approach in the management of ROP
is to try to prevent the development of retinopathy by
improving prenatal and perinatal care. However, considering that severe ROP cannot be completely prevented,
therapeutic interventions are required. Conventional laser
therapy and intravitreal injection of anti-VEGF agents (bevacizumab, ranibizumab) to inhibit intravitreal angiogenesis are most commonly used in the treatment of ROP[4,31].
Although intravitreal bevacizumab therapy has been
shown to have significant benefits in type 1 ROP compared to conventional laser therapy, there is not enough
evidence for it to be used alone as a first-line treatment[32].
In our clinic, due to complications such as severe narrowing of the visual field and late complications such as myopia and cataracts with ablation of a very large retinal area
with laser treatment in babies with Zone 1 ROP, 2 patients
who developed Zone 2 Stage 3 ROP and five patients who
developed Zone 1 Stage 3 ROP received intravitreal ranizibumab treatment without any problems and no complications were encountered. An additional second dose of
intravitreal ranizibumab was administered to two patients
16 and 20 days later, respectively.

Conclusion
As a result, there are currently no safe interventions supported by high-quality evidence to prevent severe ROP. The
development of ROP can be reduced by appropriate management of risk factors that increase the risk of development of ROP, such as low birth week and weight, high concentration and long-term oxygen use. Although there is no
definite recommendation regarding the routine use of intravitreal ranizibumab in terms of its efficacy and safety in
the treatment of ROP, it is thought to be a good treatment
option in selected cases where laser treatment is inconvenient or not applicable.
Ethics Committee Approval: The Acibadem Mehmet Ali Aydinlar
University Medical Research Ethics Committee granted approval
for this study (date: 11.02.2021, number: 2021-03/31).
Peer-review: Externally peer-reviewed.
Authorship Contributions: Concept: B.C.A.; Design: B.C.A.;
Supervision: B.C.A.; Materials: B.C.A; Data Collection or Processing: B.C.A., B.Ö.; Analysis or Interpretation: B.C.A., B.Ö.; Literature
Search: B.C.A.; Writing: B.C.A.
Conflict of Interest: None declared.
Financial Disclosure: The authors declared that this study received no financial support.

270

Arcagök et al., Risk Factors of Retinopathy of Prematurity / doi: 10.14744/hnhj.2021.85619

References
1. Fierson WM, American Academy of Pediatrics Section on Ophthalmology, American Academy of Ophthalmology, American
Association for Pediatric Ophthalmology and Strabismus,
American Association of Certified Orthoptists. Screening examination of premature infants for retinopathy of prematurity. Pediatrics 2013;131:189–95. [CrossRef ]
2. Gilbert C. Retinopathy of prematurity: a global perspective of
the epidemics, population of babies at risk and implications
for control. Early Hum Dev 2008;84:77–82. [CrossRef ]
3. Fleck BW. Management of retinopathy of prematurity. Arch
Dis Child Fetal Neonatal Ed. 2013;98:454–6. [CrossRef ]
4. Ye Sun, Hellström A, Smith LEH. Retinopathy of prematurity.
In: Martin RJ, Fanaroff AA, Walsh MC (editors). Fanaroff and
Martin’s neonatal perinatal medicine: diseases of the fetus
and infant. Missouri: Mosby Elsevier, 2020:1970–8.
5. Quinn GE, Ying G, Bell EF, Donohue PK, Morrison D, Tomlinson
LA, et al. Incidence and early course of retinopathy of prematurity. JAMA Ophthalmol 2018;136:1383–9. [CrossRef ]
6. McCauley K, Chundu A, Song H, High R, Suh D. Implementation of a Clinical Prediction Model Using Daily Postnatal Weight
Gain, Birth Weight, and Gestational Age to Risk Stratify ROP. J
Pediatr Ophthalmol Strabismus 2018;55:326–34. [CrossRef]
7. Fortes Filho JB, Eckert GU, Valiatti FB, Dos Santos PG, da Costa
MC, Procianoy RS. The influence of gestational age on the dynamic behavior of other risk factors associated with retinopathy of prematurity (ROP). Graefes Arch Clin Exp Ophthalmol
2010;248:893–900. [CrossRef ]
8. Early Treatment For Retinopathy of Prematurity Cooperative
Group. Revised indications for the treatment of retinopathy
of prematurity: results of the early treatment for retinopathy of prematurity randomized trial. Arch Ophthalmol
2003;121:1684–94. [CrossRef ]
9. International Committee for the Classification of Retinopathy
of Prematurity. The International Classification of Retinopathy
of Prematurity revisited. Arch Ophthalmol 2005;123:991–9.
10. Palmer EA, Flynn JT, Hardy RJ, Phelps DL, Phillips CL, Schaffer
DB, et al. Incidence and Early Course of Retinopathy of Prematurity. Ophthalmology 2020;127:S84–96. [CrossRef ]
11. Chow PPC, Yip WWK, Ho M, Lok JYC, Lau HHW, Young AL.
Trends in the incidence of retinopathy of prematurity over a
10.year period. Int Ophthalmol 2019;39:903–9. [CrossRef ]
12. Luk AS, Yip WW, Lok JY, Lau HH, Young AL. Retinopathy of prematurity: applicability and compliance of guidelines in Hong
Kong. Br J Ophthalmol 2017;101:453–6. [CrossRef ]
13. Schaffer DB, Palmer EA, Plotsky DF, Metz HS, Flynn JT, Tung B,
et al. Prognostic factors in the natural course of retinopathy of
prematurity. The Cryotherapy for Retinopathy of Prematurity
Cooperative Group. Ophthalmology 1993100:230–7. [CrossRef ]
14. Allvin K, Hellstrom A, Dahlgren J, Andersson Gronlund M. Birth
weight is the most important predictor of abnormal retinal
vascularisation in moderately preterm infants. Acta Paediatr
2014;103:594–600. [CrossRef ]
15. Lundgren P, Kistner A, Andersson EM, Hansen Pupp I, Holm-

ström G, Ley D, et al. Low birth weight is a risk factor for severe
retinopathy of prematurity depending on gestational age.
PLoS One 2014;9:e109460. [CrossRef ]
16. Ali AA, Gomaa NAS, Awadein AR, Al.Hayouti HH, Hegazy AI.
Retrospective cohort study shows that the risks for retinopathy of prematurity included birth age and weight, medical
conditions and treatment. Acta Paediatr 2017;106:1919–27.
17. Owen LA, Morrison MA, Hoffman RO, Yoder BA, DeAngelis MM. Retinopathy of prematurity: A comprehensive risk
analysis for prevention and prediction of disease. PLoS One
2017;12:e0171467. [CrossRef ]
18. Kim SJ, Port AD, Swan R, Campbell JP, Chan RVP, Chiang MF.
Retinopathy of prematurity: a review of risk factors and their
clinical significance. Surv Ophthalmol 2018;63:618–37. [CrossRef]
19. Hartnett ME, Lane RH. Effects of oxygen on the development and severity of retinopathy of prematurity. J AAPOS
2013;17:229–34. [CrossRef ]
20. Isaza G, Arora S, Bal M, Chaudhary V. Incidence of retinopathy
of prematurity and risk factors among premature infants at a
neonatal intensive care unit in Canada. J Pediatr Ophthalmol
Strabismus 2013;50:27–32. [CrossRef ]
21. Slidsborg C, Jensen A, Forman JL, Rasmussen S, Bangsgaard
R, Fledelius HC, et al. Neonatal risk factors for treatment.demanding retinopathy of prematurity: a danish national study.
Ophthalmology 2016;123:796–803. [CrossRef ]
22. Aher S, Malwatkar K, Kadam S. Neonatal anemia. Semin Fetal
Neonatal Med 2008;13:239–47. [CrossRef ]
23. Banerjee J, Asamoah FK, Singhvi D, Kwan AW, Morris JK,
Aladangady N. Haemoglobin level at birth is associated with
short term outcomes and mortality in preterm infants. BMC
Med 2015;13:16. [CrossRef ]
24. Hengartner T, Adams M, Pfister R, E, Snyers D, McDougall J,
Waldvogel S, et al. Associations between red blood cell and
platelet transfusions and retinopathy of prematurity. Neonatology 2020;117:562–8. [CrossRef ]
25. Zhu Z, Hua X, Yu Y, Zhu P, Hong K, Ke Y. Effect of red blood
cell transfusion on the development of retinopathy of prematurity: A systematic review and meta.analysis. PLoS One
2020;15:e0234266. [CrossRef ]
26. Manzoni P, Maestri A, Leonessa M, Mostert M, Farina D,
Gomirato G. Fungal and bacterial sepsis and threshold
ROP in preterm very low birth weight neonates. J Perinatol
2006;26:23–30. [CrossRef ]
27. Wang X, Tang K, Chen L, Cheng S, Xu H. Association between
sepsis and retinopathy of prematurity: a systematic review
and meta-analysis. BMJ Open 2019;9:e025440. [CrossRef ]
28. Huang HB, Chen YH, Wu J, Hicks M, Yi YZ, Zhang QS, et al.
Early risk factors for retinopathy of prematurity in very
and extremely preterm chinese neonates. Front Pediatr
2020;8:553519. [CrossRef ]
29. Martinez-Cruz CF, Salgado-Valladares M, Poblano A, TrinidadPerez MC. Risk factors associated with retinopathy of prematurity and visual alterations in infants with extremely low birth

Arcagök et al., Risk Factors of Retinopathy of Prematurity / doi: 10.14744/hnhj.2021.85619

weight. Rev Invest Clin 2012;64:136–43.
30. Hauspurg AK, Allred EN, Vanderveen DK, Chen M, Bednarek FJ,
Cole C, et al. Blood gases and retinopathy of prematurity: the
ELGAN Study. Neonatology 2011;99:104–11. [CrossRef ]
31. VanderVeen DK, Cataltepe SU. Anti-vascular endothelial

271

growth factor intravitreal therapy for retinopathy of prematurity. Semin Perinatol 2019;43:375–80. [CrossRef ]
32. Sankar MJ, Sankar J, Chandra P. Anti-vascular endothelial
growth factor (VEGF) drugs for treatment of retinopathy of
prematurity. Cochrane Database Syst Rev 2018;1:CD009734.

