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Examination of risk factors for the development of retinopathy in
premature children

HcnutuBame GpakTopa pu3nka 3a pa3Boj peTHHOINATH]E KOJT
npeBpemMeHo pohene aene

SUMMARY

Introduction/Objective Retinopathy of prematurity
(ROP) is a developmental vascular proliferative disorder
in premature children's incompletely vascularized retina.
Many factors slow down or prevent the normal
development of retinal vascularization in premature
babies. The aim of our study was to examine the risk
factors in premature infants of gestational age (GA) of
25-36 weeks associated with the occurrence of severe
retinopathy of prematurity.

Methods The study was cross-sectional. The research
included patients monitored by a screening program for
retinopathy of prematurity ie. prematurely born children
with a body weight mass (BMW) < 2000g, and/or GA of
< 36.

Results Statistically significant differences were ob-
served between the ROP and control group in mean val-
ues of gestational age, body weight mass (BWM) atbirth,
Apgar score, and days of oxygen therapy. Also, frequen-
cies of respiratory distress syndrome expression, bron-
cho-pulmonary dysplasia, intraventricular hemorrhages
(IVH), and requirement for mechanical ventilation were
statistically significantly different between two analyzed
groups.

Conclusion Our work confirmed that low GA and low
BWM are already accepted risk factors for ROP. The
presence of perinatal asphyxia, the length of oxygen ad-
ministration and assisted ventilation are significantly as-
sociated with the appearance of active forms of retinopa-
thy. Sepsis and anemia were shown to be significantly
associated with more severe forms of retinopathy, while
hyperbilirubinemia was approximately present in both
examined groups. More severe forms of IVH and ne-
crotic_enterocolitis are significantly more common in
children with active retinopathy.

Keywords: retinopathy of premature; oxygen therapy;
risk factors

INTRODUCTION

CAXKETAK

YBoa/Llmbs Perunonatuja Heponouryamu (ROP) pas-
BOjHH je BacKyJiapHH nponudeparuBHu nopemehaj y He-
MOTITYHO BaCKyJapH30BaHO] MPEXKE-AUH IIPEBPEMEHO PO-
hene nenie. MHOTH (haKTOpH YCIIOPaBajy WIIH CIIPEYaBajy
HOpMAJIaH pa3Boj BacKyJiapu3anuje Mpemade Ko mpe-
BpeMeHO pohenux 6eba. [uib Haller ncTpakruBama OHO
je na ce ucnutajy (HakTopu pU3MKa. KOJ HEJTOHOUTIATU
recramujcke crapoctu (I'C) 25-36 Hepesba TIOBE3aHe ca
I0jaBOM TEIIIKE PETHHOIATH]¢ HEAOHOUTYa .

Metone Cryauja npeceka. McrpaxkuBamem cy o0yxBa-
henu nmanujeHTd npaheHy CKPUHUHT IIPOrpaMoM Ha pe-
TUHOTIATH]y HEJOHOIIYA M Tj. PeBpeMeHo pol)eHa nera
ca tenecHoM macoM (TM) < 2000 r, u/unu recraiioHOM
crapomthy (I'C) < 36 Hezesba.

Pe3yaratu YoueHe cy CTaTUCTHUKM 3HauajHE pa3juKe
usmel)y ROP.1 KOHTpoJIHE TpyIie Y CpPelbHM BpPEIHO-
CTUMa IecTalujcke crapoctd, TM npu pohemy, Anrap
CKOpY M JaHMMa Teparije KuceoHnkoM. Takohe, yuecra-
JIOCT €KCIIpecHje PEecHUpaTOpHOr IUCTPEC CUHAPOMA,
OpOHXO-TyJIMOHAIHE AUCIUIA3Uje, MHTPAaBEHTPHKYJIAp-
Hor kpBapewa (IBK) 1 notpebe 3a MEXaHU4YKOM BEHTH-
JAIMjOM Cy C€ CTAaTUCTHYKH 3HAYajHO pPAa3IHKOBaie
u3Mel)y JBe aHaNIu3UpaHe rpyIme.

3aksbyuak Ham pan je motepauo nma cy Hucka ['C u
nHucka TM Beh npuxahenn ¢axropu pusuxa 3a ROP.
IMpucyctBo mepuHartanHe achUKcHje, Ty>KHHA IPUMEHE
KHCEOHHKA ¥ MOTIOMOTHYTa BEHTMJIAIMja 3HAYajHO Cy
MOBE3aHU ca 110jaBOM aKTHBHUX OOJIMKa pPETHHOIATH]E.
IMoka3zano ce a cy cernca U aHeMHja 3Ha4ajHO TIOBE3aHe
ca TeXUM O0JMIMMA PeTHHONATHje, IO0K je XUnepounu-
pyOuHEeMHja OuIla MPUOTHIKHO MPUCYTHA Y 00€ UCTIUTH-
BaHe rpyne. Texxu o6muiu VIBK 1 HeKpoTHUHM eHTepo-
KOJIUTHUC 3HAYajHO cy yenrhu KoJ Jere ca akTUBHOM pe-
TUHOTIATHjOM.

Kibyune peun: peTHHONaTHja HEIOHOIIYA I, TEpaIrja
KHCEOHHKOM; (haKTOpH pHU3UKa

Retinopathy of prematurity (ROP) is a disease of the retina of prematurely born infants.

Retinopathy of prematurity is a developmental vascular proliferative disorder in premature
children's incompletely vascularized retina [1]. According to the International Classification
for Retinopathy of Prematurity (ICROP), the severity of the disease is described in five stages.
Stage 1 is defined by the presence of the so-called demarcation line, stage 2 by the presence of
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the so-called ridge, and stage 3 by extraretinal fibrovascular proliferation. Stages 4 and 5 are
severe conditions, the former characterized by sub-total retinal detachment and the latter by
total retinal detachment [2]. The introduction of supplemental oxygen in the treatment of prem-
ature babies has been associated with the occurrence of more severe stages of this disease [1].

By introducing the monitoring of blood gas levels, it is possible to document and assess the
need for oxygen better. Even with good oxygen monitoring, ROP persists, leading to examina-
tion of the influence of other factors involved in developing ROP and the possibility of other
risk factors. A significant number of preterm infants require respiratory support.and supple-
mental oxygen at birth. [1, 3]. With the significant advances in neonatal care, the number of
preterm infants with low gestational age (GA) and low body weight mass (BWM) has in-

creased, resulting in a secondary epidemic of ROP [4].

Numerous factors slow down or prevent the normal development of retinal vascularization in
premature babies. These are parameters of immaturity given at birth - gestational age and birth
weight mass, as well as parameters of general health, treatment parameters and genetic factors
[5, 6]. Dominant risk factors for the development of ROP are low GA (especially <32 weeks),
low BWM (<1500g, especially-<1250g), sepsis, high concentrations of therapeutic oxygen,

number of transfusions, damage to the central nervous system (CNS) [5, 6].

Therapeutic use of oxygen in the treatment of premature children is a significant risk factor for
the occurrence of ROP, since high doses of oxygen lead to vasoobliteration of developing
blood vessels. The transition to a room environment, which represents conditions of relative

hypoxia, is accompanied by a vasoproliferative response and fibrosis [3, 7].

Other risk factors for the development of ROP are white race, heart disease, infections, multiple
episodes of apnea, convulsions, respiratory distress, pneumonia, bradycardia, general health
parameters (Apgar score), intracranial bleeding, anemia, hyperbilirubinemia, and twin preg-
nancy [5, 8, 9]. Also, treatment parameters including the number of transfusions, use of surfac-

tant, vitamin E, erythropoietin and dexamethasone are important [5, 8, 9].

Current screening guidelines by the American Academy of Pediatrics, American Academy of
Ophthalmology, and American Association for Pediatric Ophthalmology and Strabismus state
that all infants <30 weeks GA or <1500g BWM should be screened for ROP, as well as larger
infants based on clinical course [10]. In our country, screening covers prematurely born chil-

dren with a BMW of 2000 grams or less, and a GA of 36 weeks or less.
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Our study aimed to examine the risk factors in premature infants of gestational age of 25-36
weeks associated with severe retinopathy of prematurity. Our results are useful in recognizing

risk factors and prognosis, thereby improving preventive and management strategies.

METHODS

The study was cross-sectional, from January 1, 2011, to December 31, 2015, at the Institute of
Gynecology and Obstetrics of the University Clinical Center of Serbia in Belgrade. The re-
search included patients monitored by a screening program for retinopathy of prematurity. ie.
prematurely born children with a BWM <2000g, and GA of <36. Neonatologists select preterm
children for ophthalmic screening based on risk factors. This study was undertaken according
to the tenets of the Helsinki Declaration, is part of a doctoral dissertation that was approved by
the Ethics Committee of the Faculty of Medicine, University of Belgrade, record number 29/X-
11.

The ophthalmological examination was performed in the intensive care units of the neonatol-
ogy department. The examination was performed at the maximum wide pupil with an indirect
binocular ophthalmoscope and a 20 D lens. An indentation was used to examine the peripheral
parts of the retina. The ophthalmological examination determined the degree of ROP, based on
which the premature children were divided into two groups. The classification of ROP was
performed.using the ICROP [2]. The first group consists of children without signs of retinopa-
thy (normal findings)-and children with forms of retinopathy that do not require therapy (ROPI
and ROPII) - the control.group, while the second group consists of children with an active form
of the disease that requires therapy - the ROP group. The presence of risk factors was analyzed

using medical records.

We examined post-natal risk factors: gender, GW, BWM at birth, mode of delivery (vaginal or
cesarean section), children from multiple pregnancies, Apgar score (AS), intrauterine growth
arrest (IGA), presence of anemia, hyperbilirubinemia, pneumonia, sepsis. We analyzed the
need for oxygen therapy and mechanical ventilation (MV) as well as the presence of respiratory
distress syndrome (RDS) and bronchopulmonary dysplasia (BPD). We also examined the pres-
ence of severe degrees (11 and 1V) of intraventricular hemorrhages (IVH) and necrotic entero-
colitis (NEC).

Gas analyses and acid-base status were performed from a capillary blood sample from the heel,
while a blood count was performed from a capillary or venous blood sample. The criterion for
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anemia was a hemoglobin concentration of less than 90 mg/I. Ultrasound of the CNS was per-
formed with an ultrasound device: Logicum 3 Pro with a 7.5 MHz probe. Ultrasound findings
of IVH are graded I-1V according to Papile [11]. Children with stages 111 and IV were included.
The degree of RDS was assessed based on chest X-ray (grades I-V). The diagnosis of NEC was
made according to Bell's classification [12]. Children who had stage | and 11 NEC and required
medical treatment were included. Children with a more severe stage that required surgical treat-
ment and transfer to another institution were excluded. Asphyxia was assessed based on the
clinical picture, Apgar score and acid-base status, while sepsis was determined based on a pos-
itive blood culture, clinical picture, elevated C-reactive protein, leukocyte, platelet and leuko-

cyte formula values.

Statistical methods

The chi-square test was used to test the significance of differences in nominal observational
characteristics. Univariate and multivariate logistic regression analysis was used for associa-
tion analysis. Multivariate modeling was done in two steps; in the first step, the Enter method
was used. All predictors that were statistically significant in the univariate analysis were in-
cluded in the analysis. Using the backward method with an entry criterion of p=0.05 and an
exclusion criterion-of 0.01, predictors whose p values in the model do not exceed 0.01 were
obtained. Statistical analyses were performed using the SPSS statistical package, version 16.0
(SPSS Inc., Chicago, IL, USA).

This study was conducted according to the guidelines of the Declaration of Helsinki, and is
part of a doctoral dissertation, which was approved by the Ethics Committee of the Faculty of

Medicine, University of Belgrade, record number 29/X-11.

Informed consent was obtained from all parents whose children participating in the study after

receiving a full explanation of the study.

RESULTS

Our study included 239 premature-born children, of which 123 (51.5%) were female and 116
(48.5%) were male. The ROP group contained 113 children, while the control group contained
126 children. In the ROP group, the frequency of diagnoses was: ROP3+ 51 children (21.3%),
AP ROP 36 children (15.1%), and ROP 2+2A 26 children (10.9%). In the control group, 70
children had normal findings (29.3%), 44 children (18.4%) had ROP I, and 12 children (5%)
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had ROP I1. Not a single child had stages 4 and 5 of the disease. Children from the ROP group
were treated: 99 children (87.6%) with vascular endothelial growth factor (VEGF) inhibitors,
10 children (8.8%) with laser photocoagulation, and 7 children (35%) were treated with both

treatments.

Table 1. shows clinical data recognized as clinical risk factors for severe ROP development.
Statistically significant differences were observed between the ROP group and the ‘control
group in mean values of gestational age, BWM at birth, Apgar score, and days of oxygen ther-
apy. Also, frequencies of respiratory distress syndrome expression, BPD, intracranial hemor-
rhage, and requirement for mechanical ventilation were statistically significantly different be-=

tween two analyzed groups.

Table 2. shows the relationship between GW and BWM of both:study groups. From the above
table, it can be seen that the largest number of children.who required therapy was < 30 weeks
of gestation, 51 (45.1%), and BWM between 1000 and 1500,grams, 83 (73.5%). We observe
that 14 children (12.4%) > 32 weeks of gestation required-treatment, as well as 12 children
(10.6%) above 1500 grams of BWM. On the other hand, 19 children (15.1%) of the control
group born < 30 GW did not develop an active form of retinopathy, nor did 8 (6.3%) children
BWM < 1000 g.

The average number of days on oxygen for children in the ROP group was 24.28 + 17.30 days,
and for children in the control group 13.4 £ 10.68 days (Z = -5.555; p < 0.001). Children whose
ophthalmological findings were normal were on average oxygen therapy for 8.01+5.80 days,
while children diagnosed with ROPI and ROPII were on average oxygen therapy for 20.25 +
11.50 days. Children in the ROP group were on oxygen for an average of 24.28 + 17.30 days.
Thereis a statistically significant difference between the groups, namely: without ROP vs. ROP
I/11 (p < 0.001), without ROP vs ROP (p < 0.001), and ROP I/Il vs ROP (p = 1.000).

The statistically significant differences were obtained in the length of oxygen use between chil-
dren without lung disease and children with lung disease (p < 0.001), which is shown in Table

3. Children with BPD required the longest oxygen support (40.46 = 17.69 days).

Our study showed that there is a close relationship between lung diseases (RDS, BPD, PA) and
GA and BWM. Respiratory distress syndrome and PA occurs more often in children with lower
GA (p < 0.001), while children with a lower BWM at birth were statistically more likely to
have perinatal asphyxia (p < 0.001).
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DISCUSSION

Retinopathy of premature children occurs because of the incomplete vasculogenesis of the ret-
ina at the time of the child's birth and exogenous factors of the external environment, the inter-
action of which can be a condition for the development of retinopathy. With premature birth,
the child reaches conditions that are significantly different from intrauterine. [8]. Retinopathy
of prematurity represents the most important field of cooperation between neonatologists and

ophthalmologists.

The results of our study showed that low GA and low BWM are risk factors forthe develop-
ment of ROP. Retinal vascularization ends in 42 GA. Premature birth severely disrupts vascu-
logenesis and changes the conditions for its further development. Low BWM is a direct conse-

quence of preterm birth [1, 4, 8].

The work of a group of authors shows similar results that prematurity is a dominant risk factor,
which indicates that children born before 25 GA are twenty times more likely to develop severe

retinopathy compared to children born after 28 GA [13].

In our study, the largest number of children with an active form of the disease was in the group
of 1000-1500 g. The number of children with an active form of the disease decreases with
increasing BWM (above 1500 g), which is expected. In our sample, 12 children with BWM >
1500 g developed forms of ROP that required therapy. Most guidelines limit the screening to
children who were born with BWM < 1500 g and GA <3 2 [9]. Our results showed that 14
children with GA > 32required therapy. Using the recommended screening criteria [9], four-
teen children with active disease would be missed, indicating that we still need to stick to broad
screening criteria. Scientists from our country, indicating the need for wider regional screening
[14], reached the same result. Current screening protocols in high-income nations effectively
identify clinically significant diseases with high sensitivity, but cannot be generalized to other
regions with different standards of neonatal care [8]. Other authors also draw attention to the
risk of missing the active stage of the disease that requires therapy in children born with BWM
> 1500 g and GA > 32 weeks [5]. The frequency of the disease that we obtained in groups
below 1000 g is usually found in works coming from medium-developed countries [15]. This
difference is the result of the application of advanced technology and science of high-income
countries, resulting in better neonatal and health care. This results in a high survival rate for
children with extremely low BWM. In medium-developed countries, the allocated funds are
insufficient and without the possibility of providing a high level of neonatal care. As a result,

we have less survival of children under 1000 g.
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We monitored the number of days on oxygen and the use of MV in both groups. The average
number of days on oxygen in the ROP group was significantly higher compared to the number
of days on oxygen in the control group. In addition, MV is significantly more common in the
ROP group compared to the control group. It is important to note that the average length of
oxygen administration only in the control group of children with normal ophthalmological
findings was significantly lower compared to children with forms of ROP that did not require
treatment (ROPI and ROPII), while there was no statistically significant difference in the length
of oxygen administration between the group of children diagnosed with ROPI/ROPII and ROP
group. From this result, we can conclude that other risk factors are also important, because the
children of the control group with initial forms of retinopathy (ROPI and ROPH) who regressed
and did not require treatment spent a significant number of days on‘oxygen therapy, which did
not statistically differ from the ROP group. Numerous works indicate that the number of days
on oxygen therapy and the number of days on MV are considered risk factors for ROP [16, 17].
These colleagues indicate that prematurely born‘children or children with low BWM often re-
quire oxygen supplementation, where hyperoxic exposures at birth can lead to oxidative stress
that can affect apoptosis and cell growth. The most difficult task of a neonatologist is to ensure
adequate supplementation. The American Academy of Pediatrics suggests maintaining an op-
timal oxygen pressure of 50-80 mmHg, i.e. 6.7-10.7 kPa [9, 18]. Optimum oxygen pressure is
not easy to achieve. Not only hyperoxia and the length of oxygen administration but also epi-
sodes of oxygen fluctuations can be serious risk factors for the development of retinopathy.
Smaller fluctuations.in‘oxygen saturation and gradual weaning from oxygen therapy are ad-
vised [19].

Respiratory distress syndrome, bronchopulmonary dysplasia, pneumonia, lung hemorrhages
are-conditions accompanied by apnea crises and the need for constant administration of oxygen,
often with mechanical ventilation. Respiratory diseases are accompanied by gas exchange dis-
orders and hypoxia. These conditions often require long-term care administration of oxygen,
which carries an increased risk of hyperoxia. Respiratory distress syndrome is closely associ-
ated with preterm birth, with surfactant deficiency being the primary cause of RDS. The role
of surfactant is to reduce the surface tension in the alveoli and prevent their collapse. In our
sample, the frequency of RDS is high in both groups, although statistically significantly higher
in the ROP group. Literature review found RDS requiring surfactant therapy to be an independ-
ent risk factor for ROP [8]. In our study, the presence of BPD was statistically significantly
more frequent in the ROP group compared to the children who were not treated. Pneumonia

also proved to be a significant risk factor in our research. Several studies reported a significant
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association between BPD and ROP [8, 19]. In our study, children with respiratory diseases

were spent significantly longer on oxygen, were born earlier and had a lower BWM at birth.

Anemia proved to be highly statistically significant as a risk factor in our sample. Some authors
agree with our results [20], but in some, anemia did not affect the severity of ROP as an inde-
pendent risk factor [21]. The role of hyperbilirubinemia as a risk factor is controversial. In our
study, we did not determine that it is a risk factor for ROP, while some authors even indicate a
protective effect of hyperbilirubinemia, due to its antioxidant effect. [22]. However, some au-
thors have pointed out in their works that hyperbilirubinemia requiring phototherapy-represents
a surrogate for other risk factors for ROP [23].

ROP and IVH are serious complications in premature infants. The incidence of ROPand IVH
has been shown to correlate inversely with GA and BWM. Immature and underdeveloped pro-
tection systems explain the vulnerability of the blood network of the CNS and the retina. Most
papers show there is a significant difference in the frequency,of IVH grade 3 or 4 in different
categories depending on birth weight, together with advanced ROP stages compared to the
control group [24], which is consistent with the results of our work. However, some authors
did not find a significant relationship between IVH and ROP, explaining that with the improve-
ment of neonatal care and the decrease in the frequency of severe IVH, there is a weakening of

the previously observed association between severe IVH and severe ROP [25].

Necrotic enterocolitis can increase the risk of occurrence of advanced forms of the disease. In
our work, NEC occurred as a comorbidity significantly more often in the ROP group than in
the control group. Reviewing the literature, the role of NEC in the progression of ROP to more

severe stages require further investigation.

CONCLUSION

In conclusion, ROP is a complex disease with many risk factors not all are fully understood.
Our work confirmed that low GA and BWM are already accepted risk factors for ROP. The
method of delivery and multiple pregnancies did not affect the development of more severe
forms of retinopathy. The presence of perinatal asphyxia, the length of oxygen administration,
and assisted ventilation are significantly associated with the appearance of active forms of ret-
inopathy, while there was no difference in the appearance of retinopathy between children with
intrauterine arrest and children with appropriate BWM at birth. All investigated respiratory risk

factors are directly related to the duration of oxygen therapy and the application of mechanical
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ventilation. Sepsis and anemia were shown to be significantly associated with more severe
forms of retinopathy, while hyperbilirubinemia was approximately present in both examined
groups. More severe forms of IVH and NEC are significant more common in children with
active retinopathy. Our results also indicated the need for a wider screening protocol in our
country and that the presence of additional risk factors during the development of the child

points to the need for an earlier examination.
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Table 1. Clinical data of two premature infant groups

- - ROP grou Control grou
Clinical characteristics n :9113 P n= 1£2]6 P p-values
Gender M/F 58/55 58/68 0.413
GA Weeks 29.96 +1.93 31.42+1.93 <0.001*
BWM (grams) 1236.73 + 236.37 | 1400.40 + 298.03 | <0.001*
Caesarean section 64 (56.6%) 73 (57.9%) 0.839
Multiple pregnancies 39 (34.5%) 33 (26.2%) 0.308
Apgar score 47317 6.22+1.61 <0.001*
PA 85 (75.2%) 51 (40.5%) <0.001*
Intrauterine growth arrest 36 (31.9%) 47 (37.3%) 0.378
Days of oxygen therapy 2428 £17.3 13.45 £ 10.68 <0.001*
MV 58 (51.3%) 30 (23.8%) <0.001*
RDS 94 (83.2%) 69 (54.8%) <0.001*
BPD 28 (25%) 11 (8.7%) 0.001*
Pneumonia 48 (42.5%) 29 (23%) 0.001*
Sepsis 46 (40.7%) 31 (24.6%) 0.008*
Anemia 101 (89.4%) 82 (65.1) < 0.001*
Hyperbilirubinemia 47 (41.6%) 58 (46%) 0.490
ICH 21 (18.6%) 11 (8.7%) 0.026*
NEC 19 (16.8%) 6 (4.8%) 0.003*
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ROP — retinopathy of prematurity; GA — gestational age; BWM — birth weight mass; PA —

perinatal asphyxia; MV — mechanical ventilation; RDS — respiratory distress syndrome; BPD

— broncho-pulmonary dysplasia; ICH — intracranial hemorrhage; NEC — necrotic enterocolitis
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Table 2. Presentation of the week of gestation and body weight of the two examined groups

ROP Control
Parameters N1 % TN % Results
<30 51 | 451 | 19 [ 151 | _,_
GA (weeks) 30-32 48 | 425 | 67 | 532 | © ;S%gi’z
> 32 14 | 124 | 40 | 317 | P=%

<1000 | 18 | 159 | 8 | 63 | w,_
BWM (grams) | 1000-1500 | 83 | 735 | 82 | 65.1 | * Z oo
>1500 | 12 | 106 | 36 | 286 | =V

ROP — retinopathy of prematurity; GA — gestational age; BWM — birth weight mass
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Table 3. Number of days on oxygen therapy and lung diseases

Days on oxygen therapy

Parameters Mean +SD | Perc.25 | Perc.75 | Min. | Max. p-values
RDS no 8.39 6.99 3.5 11.5 1 33 Z =-8.538
yes | 23.32 | 15.62 11 32 2 103 p <0.001
PReumonia no 16.09 | 14.82 5 22 1 103 Z=-4.736
yes | 23.79 | 14.64 14 30 2 70 p <0.001
BPD no 14.36 | 10.15 6 19 1 44 Z=-8.312
yes | 40.46 | 17.69 29 52 15 103 p <0.001

ROP — retinopathy of prematurity; BPD — broncho-pulmonary dysplasia
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