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The incidence and risk factors associated with
the retinopathy of prematurity in a tertiary hospital
using 10-year retrospective data

Worapot Srimanan', Warissara Kitsirilarp'

ABSTRACT

BACKGROUND

The study aimed to examine the incidence and risk factors associated with retinopathy of
prematurity at Phramongkutklao Hospital.

METHODS

A retrospective review was conducted on the medical records of premature infants screened
for retinopathy of prematurity between January 2011 and December 2021. The screening
examination was performed on infants who met the screening criteria, and retinopathy of
prematurity was diagnosed according to the International Classification of Retinopathy of
Prematurity. Maternal, obstetric, neonatal, and medical data were retrieved. Logistic regres-
sion analysis was used to identify the risk factors associated with retinopathy of prematurity.

RESULTS

A total of 403 premature infants were screened. The mean + SD birth weight and gestational
ages were 1,538 + 543 grams and 31 + 3 weeks, respectively. The incidence of any
retinopathy of prematurity and stages 2 and 3 were 13.6%, 3.5%, and 10.1%, respectively.
Multiple logistic regression analysis demonstrated that gestational age (adjusted odds ratio =
1.98, 95% CI:1.15-3.39), low birth weight (adjusted odds ratio = 0.99, 95% CI: 0.99-1.00),
and phototherapy (adjusted odds ratio = 0.41, 95% CI: 0.17-1.00) were significant factors
associated with the development of retinopathy of prematurity, after controlling for other
confounding factors.

CONCLUSIONS

The incidence of total retinopathy of prematurity cases in this population was 13.6%. Over-
all, retinopathy of prematurity cases classified as stage 2 equated to 3.5% and stage 3 to 4.1%.
Our data suggest that factors associated with retinopathy of prematurity consist of birth
weight, gestational age, and phototherapy.
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INCIDENCE AND RISK FACTORS FOR RETINOPATHY OF PREMATURITY

INTRODUCTION

uman organ development continues until term
H birth. Premature birth can impact organ sys-
tem maturation, including ocular structures.
Cataracts, glaucoma, retinopathy of prematurity (ROP),
and strabismus are all examples of structural involve-
ment. Not only does ROP affect the structure, but it also
causes functional issues such as refractive error and
amblyopia. ROP was the leading cause of preterm vision
loss or blindness [1].

Premature birth is a risk factor for ROP development.
Several research studies also show that comorbidities
may increase the incidence of ROP, such as convulsions,
septicemia, anemia, necrotizing enteritis (NEC), chronic
lung condition (bronchopulmonary dysplasia; BPD),
periventricular leukomalacia, hyperglycemia, hypoten-
sion, and patent ductus arteriosus (PDA) [2-10]. Fur-
thermore, preterm infants who receive certain proce-
dures are associated with the occurrence of ROP; for
example, oxygen supplements, phototherapy in neonatal
jaundice, blood transfusion, blood exchange in neonatal
jaundice, and parenteral feeding nutrition.

There have only been a few reports of ROP incidence
in Thailand, the majority of which are older than 10 years
[11-14]. The previous reports were on different regions
of Thailand, including the central, northeast, and south-
ern areas. They revealed that the incidence of ROP
ranged from 14-31.7%. According to previous studies,
the threshold for ROP treatment was 2.1-9.5%, with risk
factors for ROP occurrence being low gestational age and
low birth weight. Our report on ROP incidence and its
associated risk factors could reflect the current status of
ROP in the Thai population at a referral-based hospital
located in the central region.

This research aims to study the incidence of ROP
and the factors associated with its occurrence at
Phramongkutklao Hospital. Information on the inci-
dence and related factors causing ROP will help in the
planning of an exemplary service for premature babies at
our hospital and referral center to reduce complications
and the risk of blindness.

METHOD

This is a retrospective cohort study involving a review of the
medical records for preterm infants at Phramongkutklao
Hospital from January 1, 2010, to December 31, 2021, all
of whom meet any of the following criteria:

1) Born at a gestational age of less than or equal to

30 weeks

2) Having a birth weight of less than or equal to
1,500 grams

3) Having a birth weight of between 1,500 and 2,000
grams, with an unstable clinical course

The infants born under these criteria were examined
and followed until they met the endpoints; completely
vascularized, regressed ROP, or any stage of ROP,
whether treated or not.

The primary outcome of the study is ROP occurrence.
ROP is defined as a retinal abnormality caused by prema-
turity. The International Classification of Retinopathy of
Prematurity (ICROP) criteria serve as the basis for the
diagnostic and staging criteria [15]. There are six ROP
stages. Stage 0 ROP is an incomplete vascularized retina.
Stage 1 ROP is diagnosed when the demarcation line is
observed. Stage 2 ROP is diagnosed when the ridge is
observed. Stage 3 ROP is diagnosed when extraretinal
fibrovascular proliferation is observed. Stage 4 and stage
5 ROP are diagnosed in the case of partial and total reti-
nal detachment, respectively. Aggressive ROP is defined
as a severe form of ROP, which is a posterior location
(zone I or posterior zone II), plus disease, and the ill-
defined nature of the retinopathy. The zone ROP is classi-
fied into three zones. Zone I is defined as a circle whose
radius is twice the distance from the center of the optic
disc to the macula. Zone II is defined as a circle whose
radius is the distance from the optic disc’s center to the
retina’s nasal margin (ora serrata). Zone III is the
remainder of the retina, which is a crescent-shaped zone
that largely involves the temporal retina. The areas strad-
dling zones I and II were recorded as zone I-II. The areas
straddling zones IT and III were recorded as zone II-III.

As potential risk factors for ROP occurrence, multiple
variables were recorded. Sepsis, PDA, NEC, hypothermia,
hypoglycemia, seizure, hyperbilirubinemia, polycythemia,
anemia, BPD, blood transfusion, phototherapy, parenteral
nutrition, and surfactant were all recorded. The pediatri-
cian in charge determined the diagnosis since these con-
ditions must be diagnosed before ROP occurs. These
conditions were marked as present or absent in the records.

General information about the infant, including gesta-
tional age, age of mother, delivery procedures, duration
of hospitalization, and Appearance-Pulse-Grimace-
Activity-Respiration (APGAR) scores, recorded at 1, 5,
and 10 minutes, were retrieved from the data record. The
ophthalmological screening and diagnosis were performed
by vitreoretinal ophthalmologists at Phramongkutklao
Hospital, using the diagnostic criteria of ICROP, with the
most severe stage of ROP in either eye recorded.
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Ocular examinations were performed by a pediatric
ophthalmologist using a handheld slit lamp. The anterior
segment was the ocular structure anterior to the lens,
including the cornea, anterior chamber, and iris. Cata-
racts were defined as cloudy lenses, revealed after dilata-
tion for fundus examination.

The results for continuous variables were expressed as
a median with an interquartile range and the categorical
variables as a percentage. Statistical analyses were per-
formed using IBM SPSS Statistics 26 software (IBM
Corp.).

We used the t-test and chi-square test to compare con-
tinuous variable averages and categorical variable pro-
portions, respectively. For analysis, gestational age, birth
weight, and APGAR score were categorized into groups.
Lower gestational age was categorized as <30 weeks and
higher 230 weeks. Birth weight was categorized into
three groups: <1,000 grams (extremely low birth weight),
1,000-1,500 grams (very low birth weight), and >1,500
grams (low birth weight). The APGAR score was catego-
rized into three groups: 1-3 (low score), 4-6 (moderate
score), and 7-10 (high score).

To calculate logistic regression, variables found to be
statistically significant by chi-square and independent
sample t-test comparison between ROP and non-ROP
groups were chosen. Gestational age in group, birth-
weight in group, APGAR in group, sepsis, transient
tachypnea of newborn (TTNB), respiratory distress syn-
drome (RDS), PDA, NEC, anemia, phototherapy, and
surfactant given were adjusted for multivariate logistic
regression as a potential risk factor for ROP occurrence.
Due to multi-collinearity, the 1-minute APGAR group
was chosen for the logistic regression.

The confounding factors were the extended range of
the study, which influenced the ROP incidence results.
Perinatology and perinatal care advancements may
impact more ROP cases in recent records. Furthermore,
the severity of the recording variables was not declared in
detail, which may affect the ROP results.

The Institutional Review Board of the Royal Thai
Army Medical Department gave ethical approval to the
study protocol. The study protocol was S089h/64_Exp
and adhered to the tenets of the Declaration of Helsinki.

We recruited 403 preterm infants for this study, 57.8%
male and 42.2% female. The average gestational age was
31.05 (standard deviation [SD] 3.14) weeks and the birth
weight was 1,538.14 (SD 543.16) grams. The duration of
hospitalization was 47 days, and cesarean section was the
mode of delivery in 69.2% of cases. Table 1 shows the
demographic data.

Our study’s overall incidence of ROP was 55/404
(13.6%; 95% confidence interval [CI], 10.5-17.2). They
were classified as stage 2 ROP 14/404 (3.5%) and stage 3
ROP 41/404 (10.1%). The treatments received were indi-
rect laser ophthalmoscope 51/404 (12.6%) and intravi-
treal anti-VEGF 3/404 (0.7%).

The groups of infants with and without ROP are com-
pared in Table 2. The gestational age and birth weight
were significantly lower in the ROP group than in the
non-ROP group, with a mean gestational age (GA) of
26.5+/-2.2 weeks vs. 31.8+/-2.6 weeks (p < 0.001) and a
mean birth weight (BW) of 893.9+/-250.7 grams vs.
1,639.7+/-505.9 grams, respectively. The ROP risks ana-
lyzed by chi-square and the independent sample t-test
(Table 2) indicate that mode of delivery, gestational age,
birth weight, APGAR score, sepsis, TTNB, PDA, NEC,
seizure, hyperbilirubinemia, anemia, BPD, phototherapy,
duration of hospitalization, and surfactant given were
significantly associated with the incidence of ROP (p <
0.05) in this population. There was no significant differ-
ence between the risk factors between ROP stages 2 and 3
in our population.

Logistic regression indicated that gestational age, birth
weight, and phototherapy were associated with ROP inci-
dence at an adjusted odds ratio of 0.67 (CI 0.52-0.86),
0.99 (CI 0.99-1.00), and 0.41 (CI 0.17-1.0), respectively
(Table 3).

Our population’s ROP treatments were classified as
observation, laser indirect ophthalmoscope, and intravi-
treal anti-VEGEF. Observation was the most likely candi-
date in 350/404 (86.6%) of cases. In the type 1 ROP
51/404 (12.6%) had a laser
ophthalmoscope.

Finally, the intravitreal anti-VEGF was chosen at 3/404
(0.7%). One infant had stage 2 ROP in zone II, and sub-
sequently recovered without treatment.

population, indirect

RESULTS

DISCUSSION

During the study period, eye examination data records of
735 infants were collected. Of these, 332 infants were
excluded due to incomplete data records, resulting in 403
infants being eligible for the study.
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INCIDENCE AND RISK FACTORS FOR RETINOPATHY OF PREMATURITY

Table 1 Baseline demographic characteristics

n %
Birth-related information
Age of mother (years) 31 (14-49)
Male 255 57.8
Normal labor 124 30.8
Singleton pregnancy 340 84.2
Gestational age (weeks) 32 (23-40)
Birth weight (grams) 1,503.5 (520-3,550)
1-minute APGAR 7 (0-10)
5-minute APGAR 9 (1-10)
10-minute APGAR 8 (2-10)
Duration of hospitalization (days) 32 (2-270)
Sepsis 229 56.7
Transient tachypnea of newborn 182 45.0
Respiratory distress syndrome 154 38.1
Patent ductus arteriosus 74 18.3
Intraventricular hemorrhage 39 9.7
Necrotizing enterocolitis 48 11.9
Hypothermia 5 1.2
Hypoglycemia 62 15.3
Seizure 19 4.7
Hyperbilirubinemia 313 77.5
Polycythemia 7 1.7
Anemia 149 36.9
Bronchopulmonary dysplasia 10 2.5
Blood transfusion 0 0
Phototherapy 252 62.4
Parenteral nutrition 1 0.2
Surfactant given 23 5.7
Eye-related information
Abnormal anterior segment 1 0.2
Cataract 3 0.7
Abnormal fundus 52 12.9
ROP stage
No ROP 349 86.4
Stage 1 ROP 0 0.0
Stage 2 ROP 14 35
Stage 3 ROP 41 10.1
Stage 4 ROP 0 0.0
Stage 5 ROP 0 0.0
ROP zone
Zone | 0 0.0
Zone I-1I 0 0.0
Zone II 55 13.6
Zone II-1IT 20 5.0
Zone IIT 329 81.4
Treatment
Observe 350 86.6
Laser indirect ophthalmoscope 51 12.6
Intravitreal anti-VEGF 3 0.7

Data are presented as median (interquartile range) or n (%) of patients.

Abbreviations: APGAR, Appearance-Pulse-Grimace-Activity-Respiration; ROP, retinopathy of prematurity;

VEGE, vascular endothelium growth factors
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Table 2 The comparison between Retinopathy of prematurity and non- Retinopathy of prematurity groups

No ROP* ROP
p-value
n % n %

Birth-related information
Age of mother (years) 31(14-44) 30(16-49) 0.279
Sex 0.217

male 197 84.5 36 15.5

female 151 88.8 19 11.2
Mode of delivery 0.020

Normal labor 100 80.6 24 19.4

Cesarian section 248 89.2 30 10.8
Pregnancy 0.061

single 289 85.0 51 15.0

twin 60 93.8 4 6.3
Gestational age (weeks) <0.001

<30 64 55.7 51 44.3

>30 285 98.6 4 1.4
Birth weight (grams) <0.001

<1000 29 42.0 40 58.0

1000 - 1500 117 89.3 14 10.7

>1500 203 99.5 1 0.5
1-minute APGAR <0.001

1-3 42 61.8 26 38.2

4-6 93 86.1 15 13.9

7-10 210 94.6 12 5.4
5-minute APGAR <0.001

1-3 8 47.1 9 52.9

4-6 35 70.0 15 30.0

7-10 303 90.7 31 9.3
10-minute APGAR 0.144

1-3 2 50.0 2 50.0

4-6 14 60.9 9 39.1

7-10 67 77.9 19 22.1
Duration hospitalization (days) 30 (2-234) 102 (3-270) <0.001
Sepsis 184 81.1 43 18.9 0.001
Transient tachypnea of the newborn 173 95.1 9 4.9 <0.001
Respiratory distress syndrome 116 75.3 38 24.7 <0.001
Patent ductus arteriosus 48 64.9 26 35.1 <0.001
Intraventricular hemorrhage 21 53.8 18 46.2 <0.001
Necrotizing enterocolitis 27 56.3 21 43.8 <0.001
Hypothermia 4 80.0 1 20.0 NA
Hypoglycemia 51 82.3 11 17.7 0.303
Seizure 11 57.9 8 42.1 <0.001
Hyperbilirubin 280 89.5 33 10.5 0.001
Polycythemia 7 100.0 0 0.0 NA
Anemia 115 77.2 34 22.8 <0.001
Bronchopulmonary dysplasia 6 60.0 4 40.0 0.014
Blood transfusion 0 0.0 0 0.0 NA
Phototherapy 228 90.5 24 9.5 0.002
Parenteral nutrition 1 100.0 0 0.0 NA
Surfactant given 14 60.9 9 39.1 <0.001
Eye-related information
Abnormal anterior segment 1 100.0 0 0.0 NA
Cataract 3 100.0 0 0.0 NA
Abnormal fundus 1 1.9 51 98.1 <0.001
ROP zone <0.001

Zone I 0 0.0 0 0.0

Zone I-1I 0 0.0 0 0.0

Zone II 1 1.8 54 98.2

Zone II-11I 20 100.0 0 0.0

Zone 111 328 99.7 1 0.3
Treatment <0.001

Observe 349 99.7 1 0.3

Laser indirect ophthalmoscope 0 0.0 51 100.0

Intravitreal anti-VEGF 0 0.0 3 100.0

Data are presented as median (interquartile range) or n (%) of patients.
Abbreviations: ROP, retinopathy of prematurity; APGAR, Appearance-Pulse-Grimace-Activity-Respiration; NA, not applicable;
VEGE, vascular endothelium growth factors




INCIDENCE AND RISK FACTORS FOR RETINOPATHY OF PREMATURITY

Table 3 Logistic regression between retinopathy of prematurity occurrence and associated risk factors
Odcdr;iiio 95%CI p-value C;:gl:srz?o 95%CI p-value

Gestational age (weeks)

<30 1 1

230 56.78 19.81-162.77 <0.001 9.25 2.61-32.69 0.001
Birth weight (grams)

<1,000 184.83 24.41-1,399.58 <0.001 28.56 2.85-286.44 0.004

1,000 - 1,500 16.03 2.08-123.79 0.008 5.33 0.56-51.23 0.147

>1,500 1 1
1-minute APGAR

1-3 10.83 5.07-23.17 <0.001 1.89 0.59-6.03 0.284

4-6 2.82 1.27-6.27 0.011 0.41 0.13-1.29 0.126

7-10 1 1
Sepsis 3.16 1.61-6.19 0.001 1.77 0.63-4.97 0.282
Transient tachypnea of the newborn 0.20 0.10-0.42 <0.001 0.39 0.12-1.27 0.118
Respiratory distress syndrome 4.49 2.43-8.29 <0.001 0.82 0.27-2.54 0.732
Patent ductus arteriosus 5.62 3.05-10.36 <0.001 1.36 0.51-3.64 0.537
Necrotizing enterocolitis 7.37 3.77-14.41 <0.001 2.33 0.81-6.75 0.117
Anemia 3.29 1.83-5.93 <0.001 0.95 0.36-2.51 0.916
Phototherapy 0.41 0.23-0.73 0.003 0.32 0.13-0.81 0.017
Surfactant 4.68 1.92-11.43 0.001 2.31 0.53-10.05 0.265
Abbreviations: CI, confidence interval; APGAR, Appearance-Pulse-Grimace-Activity-Respiration

timing, and screening criteria. According to a nationwide
study in the UK, the incidence of ROP in 2011 was 12.6%
among infants with a GA <32 weeks and/or BW <1,501
grams [16]. In the US, between 2000 and 2012, the inci-
dence of ROP was reportedly 16.4% among premature
infants [17]. In Taiwan, between 2002 and 2011, a 36.6%
incidence of ROP was reported among premature infants
using the exact definition [18]. In South Korea, an inci-
dence of 31.7% was reported among premature infants
with a BW <1,500 grams between 2006 and 2014 [19]. A
population-based study uses a national registry database
for recruitment. Reports from South Korea, Sweden, and
Turkey show the incidence of ROP at around 30%
(27.7%-34.1%) [20-23]. In contrast, the incidence was
lower in the Netherlands and Switzerland at 21.9% and
9.3%, respectively [24, 25].

In Thailand, various incidences of ROP have been
reported. Siriraj Hospital (2010-2019), Songkhla Nakarin
Hospital (2004-2006), and Khon Kaen Hospital (2013-
2014) reported incidences of 14%, 16%, and 31.7%,
respectively [11-13]. When considering only the thresh-

old ROP infants who required treatment, Siriraj Hospital
and Songkhla Nakarin Hospital found incidences of 2.1%
and 9.5%, respectively. According to previous reports, the
incidence declines over time. These research centers,
including ours, were found to be similar in that they
served as tertiary referral centers. Incidentally, they were
in different parts of Thailand. Siriraj Hospital is located
in the country’s center, while Songkhla Nakarin Hospital
and Khon Kaen Hospital are located in the south and
northeast, respectively. The incidence of overall ROP in
our study was 55/404 (13.6%), and ROP was higher than
stage 3 at 41/404 (10.1%), respectively. The incidence of
ROP in this study was similar to that reported in previ-
ous studies on the Thai population.

Regarding the associated factors in ROP occurrences,
previous studies indicate that gestational age and birth
weight are significantly related. In this study, GA and BW
were found to have a similar association with ROP inci-
dence. The median and mean gestational age at birth
were 27 weeks and 26.5+/-2.2 weeks (p < 0.001), respec-
tively. The average birth weight in the ROP group was
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significantly lower than in the non-ROP group, with a
mean of 893.9+/-250.7 grams compared to 1,639.7+/
—505.9 grams. In similarity to our research, data from a
recent cohort study in Siriraj Hospital undertaken in
2021, which monitored 1,247 infants for ten years,
reported an incidence of 14% [14], mean+/—standard
deviations in gestational age for ROP cases of 27.2+/-2.2
weeks. The mean birth weights in the threshold and
the pre-threshold groups were 775 and 870 grams,
respectively. The similarity in results could be due to the
study period and referral center being the same for
both studies.

The other associated factors of ROP incidence in this
study were analyzed using the chi-square test. According
to the analysis, the mode of delivery, APGAR score,
sepsis, TTNB, RDS, PDA, IVH, NEC, seizure, hyper-
bilirubinemia, anemia, BPD, phototherapy, duration of
hospitalization, and surfactant given were significantly
correlated with ROP occurrence (p < 0.05). These risk
factors, previously reported to be associated with ROP
incidence [2-10], are now supported by our data.

The adjusted odds ratio significantly shows that gesta-
tional age, birth weight, and phototherapy increase the
risk of ROP occurrence in this study. The association
between phototherapy and ROP incidence has previously
been reported [26, 27]. This present study shows that
phototherapy increases the risk of ROP with an adjusted
odds ratio of 0.41 (95% CI, 0.17-1.00).

Some previous reports indicate the correlation
between ROP occurrences and phototherapy treatment
in preterm infants [28, 29]. There is no established mech-
anism for how light affects ROP etiology. We propose
that it might be related to the quantity of bilirubin, a
strong antioxidant in newborns [30]. The low level of
bilirubin in preterm infants may affect ROP develop-
ment. The impact of bilirubin levels on the development
of ROP has been the subject of debate in earlier publica-
tions. Higher levels of bilirubin in neonates may serve as
a preventative measure against ROP, according to a

recent case-control study [31]. Additionally, ROP is
thought to be less severe when bilirubin levels are higher
[31]. Dejonge revealed no significant difference in the
average duration of phototherapy on ROP development
but found an association between ROP development
and bilirubin levels instead [32]. The effect of the photo-
therapy mechanism on ROP occurrences has yet to be
proven, and more research is needed to confirm their
correlation.

Notably, recent data from our populations revealed a
new treatment trend. Intravitreal anti-VEGF injection
has been a new option in the aggressive ROP group since
its discovery in the treatment of various eye conditions,
including ROP problems.

The strength of this study is that it provides an
extensive cohort report on other associated risk factors.
The limitation of the study is that it is retrospective.
A single study center could not have sufficient hetero-
geneity in ethnic or racial populations. Multi-center
research should therefore be conducted to include a
wider population.

CONCLUSION

The burden of ROP disease tends to be high. This study
shows that the total incidence of total ROP cases is
13.6%. Lower gestational age, low birth weight, and
phototherapy increase the risk of developing ROP.
Therefore, preparations should be made for personnel
and other resources to be ready for the systematic screen-
ing and caring of ROP patients, allowing them access to
the necessary and appropriate treatment for reducing
vision loss in the future. Advanced treatment in the
future will reduce morbidities in affected preterm infants.

CONFLICTS OF INTEREST STATEMENT
The authors declare no conflicts of interest in relation to the

work presented in the manuscript.

REFERENCES

1. Solebo AL, Teoh L, Rahi J. Epidemiology of
blindness in children. Arch Dis Child
2017;102:853-7.

2. Yau GSK, Lee JWY, Tam VTY, Yip S,
Cheng E, Liu CCL, et al. Incidence and Risk
Factors for Retinopathy of Prematurity in
Multiple Gestations. Medicine 2015;94:¢867.
3. Chen Y, Xun D, Wang YC, Wang B, Geng
SH, Chen H, et al. Incidence and Risk Factors
of Retinopathy of Prematurity in Two Neona-

86

tal Intensive Care Units in North and South
China. Chin Med ] 2015;128:914-8.

4. Yau GSK, Lee JWY, Tam VTY, Liu CCL,
Wong IYH. Risk Factors for Retinopathy of
Prematurity in Extremely Preterm Chinese
Infants. Medicine 2014;93:e314.

5. Hussain N, Clive J, Bhandari V. Current
Incidence of Retinopathy of Prematurity,
1989-1997. Pediatrics 1999;104:€26.

6. Hwang JH, Lee EH, Kim EAR. Retinopathy

of Prematurity among Very-Low-Birth-
Weight Infants in Korea: Incidence, Treat-
ment, and Risk Factors. | Korean Med Sci
2015;30:588.

7. Yang CY, Lien R, Yang PH, Chu SM, Hsu
JE, Fu RH, et al. Analysis of Incidence and
Risk Factors of Retinopathy of Prematurity
Among Very-low-birth-weight Infants in
North Taiwan. Pediatr Neonatol 2011;52:321~
6.



INCIDENCE AND RISK FACTORS FOR RETINOPATHY OF PREMATURITY

8. Holmstrom G, Broberger U, Thomassen P.
Neonatal risk factors for retinopathy of pre-
maturity—a population-based study. Acta
Ophthalmol Scand 1998;76:204-7.

9. 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.

10. Thomas K, Shah PS, Canning R, Harrison
A, Lee SK, Dow KE. Retinopathy of prematur-
ity: Risk factors and variability in Canadian
neonatal intensive care units. NPM 2015;
8:207-14.

11. Trinavarat A, Atchaneeyasakul LO,
Udompunturak S. Applicability of American
and British criteria for screening of the ret-
inopathy of prematurity in Thailand. Jpn J
Ophthalmol 2004;481:50-3.

12. Singha P, Tengtrisorn S, Chanvitan P. The
incidence of Retinopathy of prematurity in
premature infants with birth weight 2,000 g
or less at Songklanagarind Hospital. Songkla
Med ] 2008;26:377-83.

13. Paopongsawan P, Jirapradittha ],
Kiatchoosakun P, Wongwai P. Retinopathy of
Prematurity in 5 Neonatal Units at the 7th
Health District of Thailand. ] Med Assoc Thai
2018;101:1263-7.

14. Chutasmit K, Wongsiridej P, Sommai K,
Siriwaeo S, Insawang P, Kitsommart R. Inci-
dence and Risk Factors of Retinopathy of Pre-
maturity, a 10-year Experience of a Single-
center, Referral, Hospital. Siriraj Med ]
2021;73:777-85.

15. Chiang MFE, Quinn GE, Fielder AR,
Ostmo SR, Chan RVP, Berrocal A, et al. Inter-
national Classification of Retinopathy of Pre-
maturity, Third Edition. Ophthalmology
2021;128:e51-68.

16. Painter SL, Wilkinson AR, Desai P,
Goldacre M]J, Patel CK. Incidence and treat-

ment of retinopathy of prematurity in
England between 1990 and 2011: database
study. Br ] Ophthalmol 2014;99:807-11.

17. Ludwig CA, Chen TA, Hernandez-
Boussard T, Moshfeghi AA, Moshfeghi DM.
The Epidemiology of Retinopathy of Prema-
turity in the United States. Ophthalmic Surg
Lasers Imaging Retina 2017;48:553-62.

18. Kang EYC, Lien R, Wang NK, Lai CC,
Chen KJ, Hwang YS, et al. Retinopathy of
Prematurity Trends in Taiwan: A 10-Year
Nationwide Population Study. Invest Ophthal-
mol Vis Sci 2018;59:3599.

19. Na KH, Kim KH, Kang TU, Hann HJ, Ahn
HS, Kim HJ. Incidence, Long-Term Visual
Outcomes, and Mortality in Retinopathy of
Prematurity in Korea: A  Nationwide
Population-Based Study. Invest Ophthalmol Vis
Sci 2020;61:14.

20. Hwang JH, Lee EH, Kim EAR. Retinop-
athy of Prematurity among Very-Low-Birth-
Weight Infants in Korea: Incidence, Treat-
ment, and Risk Factors. ] Korean Med Sci
2015;30:S88.

21. Holmstrém G, Tornqvist K, Al-Hawasi A,
Nilsson A, Wallin A, Hellstrdm A. Increased
frequency of retinopathy of prematurity over
the last decade and significant regional differ-
ences. Acta Ophthalmol 2017;96:142-8.

22. Bas AY, Koc E, Dilmen U. Incidence and
severity of retinopathy of prematurity in
Turkey. Br ] Ophthalmol 2015;99:1311-4.

23. Bas AY, Demirel N, Koc E, Isik DU,
Hirfanoglu IM, Tunc T. Incidence, risk fac-
tors and severity of retinopathy of prematur-
ity in Turkey (TR-ROP study): a prospective,
multicentre study in 69 neonatal intensive
care units. Br ] Ophthalmol 2018;102:1711-6.
24. van Sorge AJ, Termote JU, Kerkhoff FT,
van Rijn L], Simonsz HJ, Peer PG, et al.
Nationwide inventory of risk factors for retin-
opathy of prematurity in the Netherlands. J
Pediatr 2014;164:494-498.e1.

25. Gerull R, Brauer V, Bassler D, Laubscher
B, Pfister RE, Nelle M, et al. Incidence of ret-
inopathy of prematurity (ROP) and ROP
treatment in Switzerland 2006-2015: a
population-based analysis. Arch Dis Child
Fetal Neonatal Ed 2018;103:F337-42.

26. Abrishami M, Maemori GA, Boskabadi
H, Yaeghobi Z, Mafi-Nejad S, Abrishami M.
Incidence and risk factors of retinopathy of
prematurity in Mashhad, Northeast Iran. Iran
Red Crescent Med ] 2013;15:229-33.

27. Khalesi N, Shariat M, Fallahi M,
Rostamian G. Evaluation of risk factors for
retinopathy in preterm infant: a case-control
study in a referral hospital in Iran. Minerva
Pediatr 2015;67:231-7.

28. Chaudhari S, Patwardhan V, Vaidya U,
Kadam S, Kamat A. Retinopathy of prema-
turity in a tertiary care center—incidence,
risk factors and outcome. Ind pediatr
2009;46:219-24.

29. Gaber R, Sorour OA, Sharaf AF, Saad HA.
Incidence and Risk Factors for Retinopathy of
Prematurity (ROP) in Biggest Neonatal
Intensive Care Unit in Itay Elbaroud City,
Behera Province, Egypt. OPTH 2021;
15:3467-71.

30. Belanger S, Lavoie JC, Chessex P. Influ-
ence of bilirubin on the antioxidant capacity
of plasma in newborn infants. Biol Neonate
1997;71:233-8.

31. Zakerihamidi M, Boskabadi H, Shoeibi N,
Bagheri F, Pourbadakhshan N, Moradi A.
Potential Role of Bilirubin in Preventing Ret-
inopathy of Prematurity. CPR 2023;19:197-
202.

32. Dejonge MH, Khuntia A, Maisels MJ, Ban-
dagi A. Bilirubin levels and severe retinopathy
of prematurity in infants with estimated gesta-
tional ages of 23 to 26 weeks. ] Pediatr
1999;135:102-4.

87



