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Abstract

Background/Aim. Retinopathy of prematurity (ROP) is a
multifactorial disease in premature infants. The aim of this
study was to determine the incidence of ROP in children
treated at the Center of Neonatology, Pediatric Clinic, Clinical
Center in Kragujevac, Serbia. Methods. The study covered
all children with birth weight below 2,000 g and/or gesta-
tional age below the 37th week, who from June 2006 to De-
cember 2009 underwent ophthalmological examination for
ROP. The results of fundoscopy were classified in accor-
dance with the International Classification of ROP. The
treatment of infants and those with ROP was conducted in
accordance with the early treatment of ROP study recom-
mendations. We analyzed gestational age, birth weight and
postconceptional age in two groups: healthy infants and those
with severe form of ROP. Statistical analysis was performed
using the SPSS 16. Results. A total of 478 children met the
criteria of screening for ROP. Severe stage of ROP, which
required laser treatment, had 102 (21.3%) children. Out of the
infants with severe ROP 14 (13.7%) of the infants with APD
had aggressive posterior disease, while two (0.4%) remained
blind. The differences in the mean values of gestational age
between the healthy and the children with severe form of the
disease were statistically significant (p < 0.0005). The mean
value of gestational age for the healthy children was 33.33 
2.28 weeks and for the seek infants 30.66  2.79 weeks. The
mean value of the weight in healthy children was 1.981  407
g, and in sick children 1.535  434 g which was statistically
significant (p < 0.0005). Multivariate binary logistic regression
showed that the occurrence of the disease depends on body
weight and gestational age. Conclusion. The incidence of se-
vere forms of ROP was 21.3%. Aggressive form of ROP was
present in 13.7% of the children. The cut-off value for body
weight was 1.740 g, and for gestationl age 32.5 weeks.
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Apstrakt

Uvod/Cilj. Retinopatija prematuriteta (ROP) je multifakto-
rijalna bolest prevremeno ro ene dece. Cilj ove studije bio
je da se utvrdi incidencija retinopatije prematuriteta kod le-
enih u Centru za neonatologiju Klinike za pedijatriju, Kli-

ni kog centra u Kragujevcu. Metode. Kod sve dece telesne
mase na ro enju ispod 2 000 g i/ili gestacione starosti ispod
37 nedelja, u periodu od juna 2006. do decembra 2009. go-
dine, ura en je oftalmološki pregled na retinopatiju prema-
turiteta. Rezultati oftalmološkog pregleda su klasifikovani
prema Internacionalnoj klasifikaciji za retinopatiju prematu-
riteta. Le enje dece sa retinopatijom vršeno je laserom pre-
ma preporukama studija za rano le enje. Analizirali smo ge-
stacionu starost, telesnu masu na ro enju i postkoncepcijsku
starost dve grupe: zdrava deca i deca sa teškom formom re-
tinopatije. Statisti ka analiza ra ena je koriš enjem progra-
ma SPSS 16. Rezultati. Ukupno 478 dece je ispunilo krite-
rijume skrininga za retinopatiju prematuriteta. Tešku formu
retinopatije koja je zahtevala le enje laserom imalo je 102
(21,3%) dece.  Od dece sa teškom formom ROP, 14 (13,7)
je imalo agresivnu formu, dok je dvoje (0,4%) dece sa agre-
sivnom formom ostalo slepo.  Razlika srednjih vrednosti ge-
stacione starosti izme u zdrave dece i dece sa teškom for-
mom retinopatije bila je statisti ki zna ajna (p < 0,0005).
Srednja vrednost gestacione starosti zdrave dece bila je
33,33  2,28 nedelje, a bolesne 30,66  2,79 nedelje. Srednja
vrednost telesne mase zdrave dece bila je 1 981  407 g, a
bolesne 1 535  434 g, što je bilo statisti ki zna ajno (p <
0,0005). Multivarijantna binarna logisti ka regresija pokazala
je da na pojavu bolesti veliki uticaj ima telesna masa i gesta-
ciona starost dece. Zaklju ak. Incidencija teške forme ROP
iznosila je 21,3%. Agresivan oblik ROP imalo je 13,7% de-
ce. Grani na vrednost za telesnu masu iznosila je 1 740 g, a
za gestacionu starost 32,5 nedelja.

Klju ne re i:
retinopatija kod prematurusa; nedonoš e; gestacijska
starost; telesna masa, ro enje; incidenca; srbija.
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Introduction

Retinopathy of prematurity (ROP) is a proliferative dis-
ease of immature retina that may cause severe sight damage
or blindness 1–3. Incidence of ROP and blindness in newborns
depends on the level of care and methods used in neonatal
intensive care units (NICU), and also more recently on eco-
nomic development of a country 4.

Two epidemics of ROP were recorded in developed
countries in the past. The first one was in 1940s and 1950s,
where the main causative factor was supplemental use of oxy-
gen 4–5. Second epidemic occurred in 1970s, due to increased
survival rate of extremely prematurely born babies 4–6. Re-
cently, a “third epidemic” appeared in the developing coun-
tries 7. Possible causes of the “third epidemic” were: increase
in rate of preterm birth, increased survival rate of preterm
babies due to development of NICUs; wider screening crite-
ria. The babies are being exposed to less controlled risk fac-
tors than in developed countries. Like in the first epidemic,
the babies affected in the third one were within wider range
of birth weights (BW) and gestational ages (GA) 4, 8–11.

Interestingly, both countries with high and low infant
mortality rate (IMR) (> 60/1000 live births and < 9/1000 live
births, respectively) do not record blindness caused by ROP,
or it is very rare. In the countries with IMR between 9 and 60
per 1,000 live births, ROP emerges as an important cause of
blindness 4. In Serbia, the infant mortality rate is 14/1000
live births (national statistics for 2008), but there are no ac-
curate data at the national level that would identify ROP as
possible cause of blindness 12. In order to prevent blindness
due to ROP in countries like Serbia, ophthalmological
screening of all newborns with risk of premature retinopathy
should be conducted. However, screening criteria are differ-
ent and subject to change in various countries 12, and there
exists the need at the national level to carefully review, re-
vise and adapt these various screening guidelines to the con-
text of the ROP situation in Serbia.

During the revision of international classification of
ROP in 2005, the aggressive posterior disease (APD) was in-
cluded in it 13. The APD is more commonly seen in infants
with BW less than 1,200 g, or with gestational age below 24
weeks. However, in the countries like Serbia, it is also pres-
ent in infants with bigger BW and older than 24 weeks of
GA. This disease is very aggressive, progresses rapidly and
may cause retinal detachment and blindness. It requires rapid
diagnostics and immediate treatment 12–17.

The aim of this study was to estimate the incidence of
ROP and to verify the applicability of national guidelines for
screening in our country undergoing socio-economic transition.

Methods

The Neonatology Center of Pediatric Clinic in Kra-
gujevac, Serbia, is an interregional center admitting high-risk
infants from an area of 10 municipalities in Serbia. All in-
fants admitted from June 2006 to December 2009 to the fa-
cility, with BW under 2000 g and/or GA under 37 weeks
were submitted to screening 12. Screening was conducted

outside these criterions in cases with high risk of ROP devel-
opment, such as respiratory distress.

The first ophthalmologic examination was done be-
tween the 4th and the 5th postnatal week. Fundoscopy was
performed after dilatation of the pupils. We used 2.5% phen-
ylephrine or 0.5% cyclopentolate drops three times per hour
before examination, in order to achieve maximal dilatation of
the pupils. Binocular indirect ophthalmoscope with con-
densing 20 D lens and an indenter was used for the examina-
tion. The results of fundoscopy were classified in accordance
with the International Classification of Retinopathy of Pre-
maturity (ICROP) 13. This classification includes three pa-
rameters: localization of changes at retina, dilatation of
pathologically changed blood vessels and stage of pathologi-
cally changed vascularisation.

After the first ophthalmological examination all new-
borns with normal findings were excluded from further fol-
low-up. We continued to monitor newborns with undeveloped
retinal blood vessels, but without signs of ROP, every 7 to 14
days. The treatment of newborns with ROP was conducted in
accordance with Early Treatment of ROP (ETROP) study rec-
ommendations, which stressed necessity of discovering “pre-
threshold disease” and early treatment 13. According to this
study, ROP that needs treatment is type 1 ROP: zone I, any
ROP stage with plus disease; zone I, stage 3 of ROP without
plus disease; and zone II, stage 2 or 3 of ROP with plus dis-
ease 13. Type 2 ROP requires follow-up visit: zone 1, stage 1–2
without plus, zone 2, stage 3 without plus.

During ophthalmological examination we searched for
significant dilatation and tortuosity of both vessel types in
the first zone, in all four quadrants. The APD appears much
earlier than classical ROP, already after three weeks of post-
natal age. The APD does not follow the classical pattern of
stage 1 through stage 5.

We analyzed the post conceptual age (PCA) in all the
groups. PCA is defined as actual postnatal age in weeks
(days) minus difference of 40 weeks of gestation and gesta-
tion at birth. PCA refers to the time of screening, i.e. first
ophthalmologic examination. All the children with AP ROP,
the first exam marked the time of the first laser therapy.

Statistical analysis was performed using the Statistical
Package for Social Sciences software, SPSS 16. The data are
reported as means  SD. The statistical significance of dif-
ferences between the results was tested using a two-sided in-
dependent Student’s t-test. The results were considered sig-
nificantly different when p  0.05. The independency be-
tween categorical variables was tested by the 2 test. The op-
timal data cut-off was determined by the receiver operating
characteristic (ROC) curves. Such cut-off was used for com-
puting sensitivity and specificity.  Risk of retinopathy was
tested by the  multiple binary logistic regression.

Results

The study population consisted of 1223 infants admitted
to the Neonatology Center. From this primary population, 478
infants had risk factors for retinopathy. The study group con-
sisted of 273 (57.1%) male and 205 (42.9%) female infants.
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After the first ophthalmologic examination, 131
(27.4%) infants had normally developed retinal blood vessels
The other 347 (72.6%) infants had primarily undeveloped
retinal blood vessels. Within this group that was subjected to
further ophthalmological monitoring, 170 (35.6%) infants
were found with insufficiently developed retinal blood ves-
sels. They were added to the healthy group of 131 infants,
and the total number of newborns with normally developed
retinal blood vessels was 301 (62.9%). Seventy-five (15.7%)
newborns developed stage 1 or 2 of ROP with spontaneous
regression. They were added to the healthy infants, while
102 (21.3%) newborns developed severe stage of ROP, and
underwent laser therapy (Figure 1).

The average values of GA, BW and PCA of 376 healthy
infants and 102 infants with severe stage of ROP are shown
in Table 1.

The differences in the mean values of gestational age
between healthy and children with severe form of the disease
were statistically significant (p < 0.010). The mean value of

gestational age for the healthy children was 33.33 ± 2.28
weeks and for the seek infants  30.66 ± 2.79 weeks. Gesta-
tional age may be a marker (indicator) of the disease (reti-
nopathy). The cut-off value was 32.5 weeks (Table 2). The
sensitivity was 69.3% and the specificity 73.1%. The posi-
tive predictive value was 40.9 %, while the negative predic-
tive value was 89.9 % (Figure 2).

The differences in the mean values of the weight be-
tween healthy and sick children were statistically significant
(p < 0.0005). The mean value of the weight in the healthy
children was 1,981 ± 407 g and in the sick children 1,535 ±
434 g. Birth weight in infants may be a marker of the disease
(retinopathy) . The cut-off value was 1,740 g (Table 2). The
sensitivity was 72.1%, and the specificity was 72.3%. The
positive predictive value was 41%, and negative predictive
value was 90.6% (Figure 3).

Multivariate binary logistic regression showed that the
occurrence of the disease depends on body weight
(p < 0.0005) and gestational age (p = 0.010). The odds ratio

Screening
478 newborns

Normally retinal
blood vessels
131 (27.4%)

Underdeveloped
retinal blood

vessels
170 (35,6%)

A stage of  ROP
75 (15.7%)

Severe ROP
102 (21.3%)

Fig. 1 – Division of premature infants according to the findings in the ophthalmologic examination;
ROP – retinopathy of prematurity

Table 1
Primary characteristics of healthy infants (HI) and infants

with severe retinopathy of prematurity (ROP)
HI (n = 376) ROP (n = 102)Parameters   SD (min–max)   SD (min–max)

GA [weeks] 33.3  2.3 (26–37) 30.66  2.79 (25–37)
BW [g] 1980.6  406.8 (770–2900) 1535  434 (700–3200)
PCA [days]       245.5  18.2 (210–287) 238.66  19.56 (196–273)

GA – gestational age, BW – birth weight, PCA – post conceptual age

Table 2
Significance of gestational age (GA) and birth weight (BW) in the diagnosis of

retinopathy of prematurity (ROP)
Infants (n)Parameters Test with ROP without ROP Total

GA (weeks)
   < 32.5 positive 70 101 171
   > 32.5 negative 32 275 307
    Total 102 376 478
BW (g)
   < 1750 positive 74 105 179
   > 1750 negative 28 271 299
    Total 102 376 478
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for weight was 0.998 (0.997–0.999). One gram of additional
weight reduces the risk of developing the disease by 0.2%.
The odds ratio for gestational age was 0.840 (0.736–0.959).
One additional week of gestation reduces the risk of devel-
oping the disease by 16% (Table 3).

Out of 102 infants with severe stage of ROP 14 (13.7%)
developedAPD. Female and male gender was equally pres-
ent. The average GA of infants with APD was 28.7 (25 to
33) weeks. The average body weight was 1,307.4 g (700 to
1,950) and when APD was diagnosed, PCA was 231.2 days
(33 weeks). There were also two (0.4%)  blind infants in the
screened group, all of them with APD. Both infants had been
laser treated immediately after the diagnosis of the disease,
but the laser treatment was unsuccessful.

Discussion

ROP is a serious eye disorder that can lead to blind-
ness 5. Increased survival rate of premature infants requires
screening and early treatment in order to control this dis-
ease 18. The aim of screening is to detect all infants with ROP
that require treatment. The CRYO-ROP study has defined
the “threshold disease” of ROP as a stage when the treatment
is necessary 19. On the other hand, the ETROP study has
shown that earlier treatment of highly risky “pre-threshold”
stage of ROP leads to even better results 18.

Many countries have national guidelines for screening
in relation to BW and GA in accordance with studies on
ROP incidence 20–32. In developing countries (including Ser-
bia) the incidence of ROP is higher, especially among pre-
mature infants with higher BW and GA 23–24. In Serbia,
screening is recommended even though the official protocol
for screening does not exist. Recommended screening in-
cludes infants with GA below 37 weeks and/or BW of 2,000
g or less, as well as newborns at high risk outside this crite-
ria, as discussed in this paper.

The incidence of severe ROP that required laser therapy in
our study was 21.45% of all the screened infants. In the group of
infants that had laser therapy, the minimal GA was 25 weeks
and maximal 37 weeks. BW was in the range from 700 g to
3,200 g. Such a wide range of BW and GA is typical for devel-
oping countries, which fall under the “third epidemic” of ROP.

This shows that we should not just follow strictly rec-
ommended criteria since the aim of the screening is to dis-
cover all newborns at risk for severe ROP. The percentage of
severe ROP does not follow closely the percentage of
screening, which is high. The American Academy of Pediat-
rics and the American Academy of Ophthalmology recom-
mend screening in infants with BW of less than 1,500 g or
GA of 30 weeks or less, as defined by the attending neona-
tologist. It also included the selected infants with birth
weight between 1,500 g and 2,000 g or GA greater than 30
weeks with an unstable clinical course, as well as those re-
quiring cardiorespiratory support, as determined by their at-
tending pediatrician or neonatologist. UK retinopathy of pre-
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Fig. 2 – ROC curve showing discriminatory value of
gestational age  (GA) for identifying newborn infants at risk

for retinopathy of prematurity (ROP)
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Fig. 3 – ROC showing discriminatory value of birth weight
(BW) for identifying newborn infants at risk for

retinopathy of prematurity (ROP)

Table 3
The influence of birth weight (BW) and gestational age (GA)

on the occurrence of retinopathy of prematurity (ROP)
(the results of multiple binary logistic regression)

Parameters Odd ratio Lower–upper  limits p
GA 0.840 0.736–0.959 0.010
BW 0.998 0.997–0.999 0.0005
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maturity guideline suggests the following screening criteria: all
babies less than 32 weeks GA or less than 1,501 g BW should
be screened for ROP and all babies less than 31 weeks GA or
less than 1,250 g BW must be screened for ROP 12, 24. As an
example of the need for careful adaptation of screening criteria
to the local situation, if we had applied the UK screening crite-
ria directly, we would have missed 31 infants with severe form
of ROP, which required laser therapy.

The majority of countries recommend screening in the
4th postnatal week, ie between 31 and 34 post conceptional
week 19, 23. Because of early appearance of APD ROP,
screening is recommended as early as 30–31 postconcep-
tional week 31. Screening before 30 weeks and laser therapy
would be difficult to administer.

Conclusion

The incidence of severe form ROP in the studied
population of our region is very high. Screening criteria
applied in this work are much broader than in developed
countries. We included all infants with BW under 2,000 g
and/or GA under 37 weeks as well as infants outside these
criteria in cases with high risk of ROP development. Ap-
plying the criteria from developed countries to our case se-
ries would have made us to omit a relatively large number
of infants with severe form of ROP. In countries in transi-
tion, such is Serbia, the necessity for ROP screening is very
high, as well as the need to create locally adapted screening
criteria.
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