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ABSTRACT

Introduction: Retinopathy of Prematurity (ROP) represent disease of the eye in premature
born children which affects immature blood vessels of the retina during their development.
The emergence of retinopathy of prematurity depends on the interaction of multiple fac-
tors, such as: gestational age, low birth weight, hypoxia, duration of oxygen supplemen-
tation, respiratory distress syndrome, twin pregnancy, anemia, blood transfusions, sepsis,
intraventricular hemorrhage, hypotension, hypothermia, etc. If remain unrecognized and
untreated it can cause severe visual impairment and blindness in children, but can also be
prevented with timely screening. Goals: To establish the number of patients with develop-
ment of retinopathy of prematurity active forms in the observed time period and examine
which risk factors have most significant impact on its origin. Material and methods: In a
clinical, retrospective study we observed a total of 80 premature born children in the period
from January to May 2015 with regard to listed risk factors identified for eye examination.
Results: From a total of 80 premature newborns sample included 48.8% male and 51.2%
female children. The active form of ROP developed in 6.2% of cases, while in 93.8% of cas-
es there was a spontaneous resolution. Patients who developed active form of ROP have
significantly younger gestational age (26.4+1.5 weeks) and lower birth weight (874+181
grams), lower Apgar score in the first and fifth minute and were longer on oxygen therapy
(20+3.4 days). Conclusion: Of the potential risk factors that could affect the development
of ROP active form following factors have a statistically significant influence: early gesta-
tional age, low birth weight, lower Apgar score and prolonged oxygen therapy (p <0.05).
Key words: Retinopathy of prematurity, premature children, risk factors.

1. INTRODUCTION

Retinopathy of prematurity (reti-
nopathia praematurorum, ROP) is
a disease of the eye, or specifically
blood vessels of the retina and oc-
curs only in premature children. For
most of the children retinopathy of
prematurity occurs in a mild form
so it has spontaneous regression of
the disease, unfortunately there may
be more severe forms of ROP that
cause blindness in one or both eyes.
Thanks to the development of the
neonatal intensive care unit there is
an increase in number of surviving
preterm infants with very low birth
weight, but at the same time, there
is an increase in the incidence of ret-
inopathy of prematurity, why more
studies now deals with risk factors
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that influence ROP occurrence and
its prevention (1). The first changes
in the eyes of the survived prema-
ture babies in terms fibrovascular
bundles was described by Terry in
1942 as retrolental fibroplasia, while
the term retinopathy of prematuri-
ty was introduced by Heath in 1951
(2). Retinopathy of prematurity oc-
currence is usually associated with
premature birth, but the risk for
its occurrence represents a conse-
quence of various factors interac-
tive effects (3). Without any doubt
it is proved that early gestational age
(GA)<30 weeks and low birth weight
(BW)<1500g are the most import-
ant risk factors in the development
of ROP, but besides these significant
impact also have other factors, such
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as poor weight gain, reduced IGF increase, the percent-
age of oxygen in the inhaled air (at first regarded not only
as a risk but also directly causative factor for the ROP
development), hypoxia, respiratory distress syndrome,
twin pregnancy, anemia, blood transfusions, fungal in-
fections, sepsis, intraventricular hemorrhage, etc. (4, 5, 6,
7). International Classification of Retinopathy of Prema-
turity (ICROP), implies the ROP monitoring according
to 3 zones and 5 stages, while additional risk factors of
ROP of progression are labeled as “plus disease’, and the
development of so-called aggressive ROP or AP-ROP (8).
Due to severe visual impairment and possible blindness,
it is very important to start ROP screening on time in
premature infants at risk, and the world’s revised guide-
lines, the first initial review indicates a neonatologist at
all children born before 31 weeks of GA or BW weight
under 1500 grams during 3-4 weeks after birth. Prema-
ture infants at GA>31-32 weeks and BW>1500 grams,
should be initially reviewed no later than 34 weeks. Also,
a neonatologist indicates ophthalmological examination
in premature infants of older gestational age if there are
clinical risk factors for the ROP development. Further
monitoring can be indicated by ophthalmologist accord-
ing to maturity of retinal blood vessels (9).

Retinopathy of prematurity, according to CRYO-ROP
and Etrop studies, can be treated by cryotherapy, laser
photocoagulation, cerclage, pars plana vitrectomy (VPP)
and application of medications that block the vascular
endothelial growth factor (VEGF) (9,10). Even after com-
pleted ROP screening long-term monitoring of prema-
ture children is necessary due to the increased incidence
of strabismus, amblyopia, reactive anomalies, particular-
ly myopia, glaucoma, retinal detachment, etc. (8, 9, 10).

2. MATERIAL AND METHODS

The survey was conducted as clinical, descriptive and
retrospective study, including a total of 80 premature
children of both genders, who were followed in the pe-
riod from January to May 2015. Data for the study were
obtained from the Protocol for ROP screening among
premature children, and which was selected for the first
ophthalmic examination by neonatologists according
to previously set criteria for screening. The following
criteria for the screening were taken into account: ges-
tational age<32 weeks or birth weight <1500 grams, as
well as children at older gestational age and higher birth
weight, which had some of the risk factors such as: low
Apgar score, duration of oxygen supplementation, sep-
sis, blood transfusion, respiratory distress syndrome,
infection, microcephaly, hydrocephaly, twin pregnancy,
etc. The first ophthalmology examination was conduct-
ed in intensive neonatal care unit of the Pediatric Clinic,
University Clinical Center Sarajevo, and controls at the
Pediatric’s Department of the Eye Clinic and scheduled
by ophthalmologist indication according to the develop-
ment of the ocular retinal blood vessels, and was usually
performed at 1, 2, 3 or 4 weeks, until the moment when
the development of retinal blood network was complet-
ed and when the screening program was ended. The de-
velopment of blood vessels network is followed by zones,
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while the observed changes on fundus were: dilatation
and tortuosity of blood vessels, ischemic zones, bleed-
ing, changes in the optic nerve and signs of “plus disease”
and AP-ROP. Review of children was carried out in com-
plete mydriasis achieved by drops of Sol.Phenilneprin
2.5% and 0.5% Sol.Cycopnetolat using indirect ophthal-
moscope and 20 dioptres lens. Children with observed
changes in the blood vessels and suspicious ischemic
zones, had an active form of ROP which required treat-
ment weather by application of anti-VEGF factors, laser
photo coagulation or by vitreoretinal surgery, according
to choice of ophthalmologists and surgeon. Results of the
analysis are presented in tables and charts by number of
cases, percentage, mean, median, standard deviation,
standard error with the maximum and minimum values.
To test the difference and impact of certain parameters
following tests were used: chi-square test, Student’s t
test, analysis of variance ANOVA and Pearson’s linear
correlation coefficient. Results of these tests were con-
sidered statistically significant with p<0.05 or at the 95%
confidence level. The analysis was conducted using the
statistical package IBM SPSS Statistics 21.0.

3. RESULTS

Sample included a total of 80 premature children, 41
females (51.3%) and 39 (48.8%) male. The analysis of ges-
tational age (GA) indicated that the mean age is 29.9+2.9
weeks, the youngest patient is in the age of 24 and the
oldest at the age of 37 weeks, with majority of patients
were at GA between 25 and 30 weeks (Figure 1).
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Figure 2. The distribution of birth weight
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The average birth weight (BW) in the total sample is
1422.2+515 grams, with lowest of 640 and highest of
3500 grams. The largest number of treated patients had a
BW between 900 and 1300 grams (Figure 2).

The active form of ROP developed in 5 (6.2%) cases
and in 75 (93.8%) cases there was spontaneous regres-
sion of the disease (Table 1).

Active ROP

N %
Yes 56,3
No 75 93,8
Total 80 100,0

Table 1. Active ROP identified during screening

N Mean+SD t p

Gestational Yes 26.40+£1.517
age (weeks) No 75 30.13+2.840
Ye 5 874.00+£181.052
Birth weight (g) —— 6.441 0.013
No 75 1458.79+510.440
Apgar scorein  Yes 5 3.20+1.304
the first minute  No 75  5.37+1.440
Apgar scorein  Yes 5 5.20£1.095
the fifth minute No 75  6.93+1.031

8.411 0.005

5.770 0.002

4.161 0.001

Table 2. The analysis of GA, BW and Apgar score
according to active ROP

According to gender, 2 (5.1%) male patients and 3
(7.3%) female patients developed active ROP, but with-
out statistically significant difference (p>0.05). Analysis
of gestational age indicates that patients who developed
active ROP were statistically significantly born earlier or
with mean GA of 26.4+1.5 weeks compared to those who
did not develop active ROP-30.1+2.8 week. Also, birth
weight was statistically significantly lower in patients
who developed active ROP-874+181 grams compared to
patients who did not develop active ROP-1458.8+510.4
grams. Patients who developed active ROP had statisti-
cally lower first minute Apgar score (3.2+1.3 : 5.4+1.4)
and five-minute Apgar score (5.20+1.1 : 6.9+1.03) com-
pared to those patients who did not develop active ROP
(Table 2).

N Mean+SD t p
Duration of Yes 20.00+3.435
oxygen therapy 3.054 0.015
(days) No 75 12.53%1.150
Oxygen satu- Yes S 8.319+3.720
ration No 75 10.066+1.162

Table 3. Oxygen therapy duration and oxygen saturation
according to active ROP

Patients with active ROP had a longer duration of ox-
ygen therapy—20+3.4 days compared to those who did
not develop active ROP-12.5+1.1 days with statistically
significant difference and correlation (p<0.05). Oxygen
saturation rate is lower in patients with active ROP —
83.8+8,3%, compared to patients without active ROP-
88.5+10.1%, but without statistically significant differ-
ence (Table 3).
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ACTIVE ROP
————————— Total X2
Yes No ota P
. N 1 15 16
Sepsis % 63 938 1000 0.001 0.740
N 2 28 30
Bl fusi 014 624
ood transfusion % 67 033 100.0 0.0 0.6
Respiratory dis- N 5 71 76 0281 0.059

tress syndrome % 6.6 934 100.0
N 3 25 28

Infection % 107 893 1000 1.465 0.229
Microcephaly ';O ]25_0 35.0 ?O0.0 2.526 0.231
Hydrocephalus ; 8'0 ?O0.0 :1300.0 0.208 0.822
remorhage % 123 867 1000 " 02

Table 4. Analysis of risk factors impact on active ROP
development

Of the total number of patients with infection 3
(10.7%) cases developed active ROP and 2 (3.8%) cases
without infection indicating that there is no statistical-
ly significant influence on the development of active
ROP but that there is still a certain influence (p>0.05).
Given the small number of patients with microcephaly
(N=4) could not be verified its influence on the forma-
tion of active ROP, but of 4 patients with microcephaly
1 (25%) developed the active form of ROP and 3 (75.0%)
did not. Neither one of 3 patients with hydrocephaly did
not developed active ROP indicating that hydrocephalus
has no influence on the formation of active ROP. Of the
15 patients with intraventricular hemorrhage 2 (13.3%)
cases developed active ROP as well as 3 (4.6%) patients
without intraventricular hemorrhage, indicating that in-
traventricular hemorrhage has a certain influence on the
development of active ROP, but not statistically signifi-
cant (p>0.05) (Table 4).

N %
Ischemic zone 50 62.5
Hemorrhage 20 25.0
Changes in blood vessels 14 17.5
Changes to the optic nerve 1 1.3
Totall 80 100.0

Table 5. Changes in the retina observed at baseline
examination

The most common changes observed in the retina
were: ischemic zone in 50 (62.5%) cases, bleeding in 20
cases (25%), changes in the blood vessels in 14 (17.5%)
cases, and only 1 (1.3%) case the changes in the optic
nerve (Table 5)

Analysis of patients according to zones revealed the
following: From the total number of patients (N = 80),
5 (6.3%) cases were zone I, 25 (31.3%) zone II, and the
largest number of 50 (62.5 %) zone III. All patients with
active ROP were zone I, while patients in the zone II or
III, have not developed active ROP, indicating signifi-
cant impact of zones on the development of active ROP
(p<0.05) (Table 6).

Gestational age was statistically significantly higher
(p<0.05) in patients with ischemic zone (30.48+2.525)
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ACTIVE ROP
Total
Yes No
N 5 0 5
% 100.0 0.0 100.0
Zone Il N 0 25 25
% 0.0 100.0 100.0
" N 0 50 50
% 0.0 100.0 100.0
Total N 5 75 80
% 6.3 93.8 100.0

Table 6. Detected active ROP by screening according to
zones. X2=80.0; p=0.000; rho=0.662; p=0.000

compared to patients withoutischemic zone (28.93+3.29),
while the birth weight was slightly higher (p>0.05) in
patients with ischemic zone (1433.9+352.68 g) as com-
pared to patients without ischemic zone (1402.8+476.84
g). Twin pregnancy was present in 12 (24%) patients and
3 (10%) patients without ischemic zones, or without sig-
nificant difference (p>0.05). Apgar scores in the first and
fifth minute statistically significantly distinguished the
presence of ischemic zone. So Apgar during 1 minute in
patients with ischemic zone had mean of 4.7+1.55 and in
patients without 5.56+1.41, while in 5 minute in patients
with ischemic zone Apgar mean was 6.4+1.248 compared
to patients without ischemic zone 7.08+0.94. Duration
of oxygen therapy in days was significantly different and
was longer in patients with 18.37+11.38 compared to
patients without ischemic zone—9.78+10.14. The oxygen
saturation was not significantly different, although it was
slightly lower in patients with—85.15+10.43 compared to
patients without ischemic zone—89.83+10.79. Significant
difference was observed in the case of hydrocephalus,
which was observed in patients with ischemic zone, but
was not recorded in 3 (10%) of patients without ischemic
zone (p<0.05).

The analysis of the risk factors impact on the incidence
of bleeding in the retina was observed statistically sig-
nificant difference or the impact in the event of hydro-
cephalus was observed in 3 (15%) patients and none of
the patients without bleeding. The analysis of risk factors
on changes in the retinal blood vessels indicate a signif-
icant effect only in the case of Apgar score at 1 and 5
minutes. Apgar score in the first minute was significantly
lower in patients with—4.50+1.51 compared to patients
without changes in retinal blood vessels—5.39+1.49. The
same trend also follows Apgar score at 5 minutes which
on average was 6.21+1.48 in patients with, compared to
0.98+6.95 in the group of patients with no changes in the
retinal blood vessels.

Analysis of correlation between risk factors and the
development of retinal blood vessels according to zones,
the results obtained show significant influence of Ap-
gar score at 1 and 5 minutes, as well as the duration of
oxygen therapy. Apgar score in the first minute was the
lowest in the patient with zone [-3.20+1.30, the highest
for patients in case of zone II1-5.54+1.36 with the signif-
icant difference (p<0.05). Also Apgar score at 5 minutes,
was the lowest in the patients with zone I-5.20+1.09 and
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the highest for patients with zone I1I-7.14+0.81. The du-
ration of oxygen therapy was longest for changes in zone
11-22.20+12,258, and the lowest for Zone III-7.70+6.53
with the statistically significant difference (p <0.05).

4.DISCUSSION

In this retrospective study we observe a total of 80
preterm children who, according to the relevant criteria,
were selected for retinopathy of prematurity screening.
Gender structure of respondents indicated the higher
representation of female children (51.2%) compared to
men (48.8%). Average GA was 29.9+2.9 weeks, of which
the youngest child was at GA of 24 weeks and the oldest
at 37 weeks of gestation. Average BW was 1422.2+515
grams with lowest weight of 640 and maximum of
3500 grams. The active form of ROP is developed in 5
(6.2%) children which needed interventions in terms
of anti-VEGF factors (intravitreal injections of Avastin
in 3 cases) application, in one case argon laser photo-
coagulation and in one case pars plana vitrectomy. In
the remaining 75 (93.8%) cases there was a spontaneous
disease regression. Patients in the zone I were born the
earliest 26.40+1,52 GA and patients in zone III the lat-
est—31.02+2.34 week, with significant statistical differ-
ence (p<0.05). Birth weight was also lowest in patients in
zone [-874.00+181.05 grams and the highest for patients
in zone I11-1601.9+433.57 grams with significant statis-
tical difference (p<0.05). Apgar score in the first min-
ute was the lowest for the patient in zone 1-3.20+1.30
and the highest for patients in zone III-5.54+1.358
with statistically significant difference (p<0.05). Apgar
score at 5 minutes, was the lowest for the patient zone
1-5.20+1.095 and the highest for patients in zone III-
7.1+0.81 with statistically significant difference (p<0.05).
The duration of oxygen therapy was longest for patients
in zone 11-22.20+12,26 and the lowest for patients in
zone I11-7.70+6.53 with statistically significant differ-
ence (p<0.05).

Thomas K. at all. in their study on 9187 children, found
that 1163 (12.7%) infants developed severe ROP. Lower
gestational age, male sex, small for gestational age, pat-
ent ductus arteriosus, late onset sepsis, more than two
blood transfusions, use of inotropes and outborn statues
were associated with an increased risk of severe ROP.
Younger, smaller and sicker small infants had higher ad-
justed risks of severe ROP and rates varied significant-
ly among sites (11). Enomoto H at all. found in clinical
records of 143 newborn infants with a gestational age
of 32 weeks or less were reviewed. Severe ROP was di-
agnosed when photocoagulation due to progression to
stage 3 was identified or when ‘plus disease’ developed.
The factors were evaluated with univariate and multi-
variate logistic regression analyses between the groups
with severe (n=24) and non-severe (n=119) ROP. Gesta-
tional age, birth weight, duration of oxygen supplemen-
tation, duration of directional positive air pressure and
maximum fraction of inspiratory oxygen (FiO2) were
significantly associated with severe ROP in the univar-
iate analyses. In the multivariate analysis, a longer dura-
tion of oxygen supplementation and a higher maximum
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FiO2 were revealed as significant risk factors associated
with severe ROP (12). Park SH at all. determined the
incidence and clinical features and risk factors for ret-
inopathy of prematurity in Korean infants with birth
weight (BW)> 1500 g. A total of 201 consecutive in-
fants with BW> 1500 g from January 2009 to December
2013 were included. The overall incidence of ROP was
11.94% and that of treatment-requiring ROP was 3.98%.
Two patients with gestational age (GA)> 32 weeks and
BW>1500 g had treatment-requiring ROP. 15 eyes from
eight infants with type  ROP required laser photocoagu-
lation. The mean BWs and gas in the treatment-requiring
ROP group were significantly lower than those in the no
or mild ROP group. Total duration of oxygen supple-
mentation, surfactant usage, respiratory distress syn-
drome, bronchopulmonary dysplasia, antibiotic use for
more than 14 days and the number of ROPs associated
risk factors significantly increased the likelihood of treat-
ment-requiring ROP (p = 0.002, p = 0.008, p = 0.008, p =
0.000, p = 0.015, and p = 0.004, respectively) (13). Yau GS
at all. determined the incidence and risk factors of reti-
nopathy of prematurity (ROP) among new-born Chinese
infants of multiple Gestations. A retrospective review of
medical records was performed for all neonates of mul-
tiple Gestations screened for ROP between January 2007
and December 2012 in two neonatal intensive care units
in Hong Kong. Screening was offered to very low birth
weight (VLBW,; <1500 g) and / or preterm (<32 weeks
gestation) neonates. The mean gestational age (GA) was
30.8 + 2.4 weeks and the mean birth weight (BW) was
1284.8 + 267.4 g. The incidence of ROP and Type 1 ROP
was 11.8% and 3.9%, respectively. On univariate analysis,
GA younger, lighter birth weight, postnatal hypotension,
inotropes use, bronchopulmonary disease, intraventric-
ular hemorrhage and were common independent risk
factors for the development of ROP and Type 1 ROP
(all P < 0.04),. On multivariate analysis, younger GA,
surfactant use, invasive mechanical ventilation, mean
higher oxygen concentration, thrombocytopenia, intra-
ventricular hemorrhage, total parental nutrition, and
hypoglycemia, were significant risk factors for ROP. For
Type 1 ROP, there were no significant risk factors (14).
Khalesi N at all.in their study detects possible risk fac-
tors for retinopathy of prematurity (ROP), and a leading
cause of childhood blindness treatable, among prema-
ture neonates. In this retrospective study, 60 premature
neonates with ROP and 60 premature infants without
ROP were entered and compared. Variables such as ges-
tational age, birth weight, oxygen therapy, photothera-
py, and so on were gathered and compared between the
two groups. Gestational age (lower in the ROP group),
first-minute Apgar scores (lower mean scores in the ROP
group), birth weight, phototherapy, and oxygen ther-
apy were discovered factors that affect the occurrence
of ROP among premature infants. Higher birth weight
and more advanced gestational age were protective fac-
tors for ROP. Oxygen therapy and multiple birth are risk
factors of ROP and these can be used for prediction of
ROP occurrence (16). Kavurt S at all.to evaluate the inci-
dence, risk factors and severity of retinopathy of prema-
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turity and neonatal intensive care unit and to evaluate
its relationship with gestational age. Of the 495 neonates
screened, 43 (8.7%) infants were small for gestational
age; the frequency of severe retinopathy of prematurity
was 5.8%. Sepsis and being small for gestational age were
independent risk factors for severe retinopathy of pre-
maturity (17).

5. CONCLUSION

The analysis of risk factors that influenced the devel-
opment of active ROP revealed that statistically signifi-
cant effect was observed in case of gestational age, birth
weight, Apgar score in the first and fifth minute, as well
as longer duration of oxygen therapy. Specifically, pa-
tients whose blood vessels were in zone I and who later
developed the active form of ROP, were born at the earli-
est gestational age, with the lowest birth weight and low-
est Apgar score in the first and fifth minute, and with a
maximum duration of oxygen therapy. Timely screening
and adequate treatment are essential in the prevention of
blindness in children.
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