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SUMMARY

Introduction Retinopathy of prematurity (ROP) is a multifactorial disease that occurs most frequently
in very small and very sick preterm infants, and it has been identified as the major cause of childhood
blindness.

Objective The aim of this study was to evaluate ROP incidence and risk factors associated with vary-
ing degrees of illness.

Methods The study was conducted at the Centre for Neonatology, Paediatric Clinic of the Clinical
Centre Kragujevac, Serbia, in the period from June 2006 to December 2008. Ophthalmologic screen-
ing was performed in all children with body weight lower than 2000 g or gestational age lower than
36 weeks. We analyzed eighteen postnatal and six perinatal risk factors and the group correlations for
each of the risk factors.

Results Out of 317 children that were screened, 56 (17.7%) developed a mild form of ROP, while 68
(21.5%) developed a severe form. Univariate analysis revealed a large number of statistically signifi-
cant risk factors for the development of ROP, especially the severe form. Multivariate logistical analy-
sis further separated two independent risk factors: small birth weight (p=0.001) and damage of central
nervous system (p=0.01). Independent risk factors for transition from mild to severe forms of ROP were
identified as: small birth weight (p=0.05) and perinatal risk factors (p=0.02).

Conclusion Small birth weight and central nervous system damage were risk factors for the development
of ROP, perinatal risk factors were identified as significant for transition from mild to severe form of ROP.
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INTRODUCTION

Retinopathy of prematurity (ROP) has been
identified as the major cause of childhood
blindness [1, 2]. In prematurely born babies,
the retina is only partially formed [3]. The state
of retina development is directly correlated to
the severity of prematurity [4, 5].

Retinopathy of prematurity is a multifacto-
rial disease that occurs most frequently in very
small and very sick prematurely born babies
[6, 7]. It has been believed for many years that
oxygen therapy increases the risk of ROP in
preterm infants [8]. However, ROP can occur
even with careful control of oxygen therapy [9].
A number of risk factors have been implicated
including low gestational age, low birth weight,
increased number of blood transfusions [10],
and the use of recombinant human erythropoi-
etin as treatment for anaemia [11]. Other iden-
tified risk factors include sepsis, intraventricu-
lar haemorrhage [12] and mechanical ventila-
tion [13].

METHODS

In the period from June 2006 to December
2008, of 840 newborns admitted at the Centre
for Neonatology of the Paediatric Clinic in
Kragujevac, Serbia, 317 were screened for ROP.
Screening was done in all newborns with birth
weight (BW) < 2000 g, and/or gestational age
(GA) < 36 gestational weeks (GW), as well as
other newborns with severe diseases [4]. First
ophthalmologic examination was conducted
in the period between the third and the fifth
week after birth. During the screening, find-
ings were formulated in accordance with the
International Classification of Retinopathy of
Prematurity (ICROP) [14]. Children with ROP
were treated according to the recommendations
from the ETROP study [15, 16].

Screened patients were divided into three
groups: Group A infants without ROP, Group
B infants with milder form of ROP, and Group
C infants with severe form of ROP treated with
laser.

We analyzed the following post-natal risk
factors: gender, GA, Apgar score (AS), BW, dura-
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and patent ductus arteriosus (PDA). We also analyzed the
effect of medications: surfactant, erythropoietin, vitamin
E, diuretics, dopamine and dexamethasone administered
before birth [17].

Gestational age was determined from the date of the last
period and examination by the neonatologist. The oxygen
therapy was monitored using pulse oximetry and did not
exceed the level of 95% [18-22]. We could not influence the
oxygenation of the infant in the delivery room nor during
transport (since patients are delivered to intensive care unit
from ten regional hospitals). Surfactant was administered
to infants that fulfilled the clinical and radiological criteria
for respiratory distress syndrome (RDSy). Antenatal ster-
oid use was recommended for pregnancies between 24 to
34 weeks with threatened premature delivery to decrease
the risk of RDSy [23].

Patent ductus arteriosus was diagnosed using echocar-
diographic examination. IVH and PVL were presented
jointly as central nervous system (CNS). IVH and PVL
were diagnosed with a series of ultrasound examinations
of central nervous system. BPD was diagnosed based on
the clinical and radiological lung exam, and a continued
need for oxygen therapy past 36 post-conception weeks
[24]. Erythropoietin was administered in the dosage of
200-250 IU/kg to infants in stable clinical condition, with
GS less than 34 weeks after the second week of life. It was
administered three times per week, with iron supplements,
folic acid and vitamin E [28]. Vitamin E was administered
after the second week of life to infants in stable clinical
condition with BW less than 1500 g.

The following perinatal risk factors were also consid-
ered: premature rupture of foetal membranes, multiple
pregnancies, chorioamnionitis, Caesarean section, EPH
gestosis, and detachment of placenta.

Clinical data was subjected to statistical x* test, univari-
ate and multivariate regression analysis, and logistic regres-
sion. The y* test was used to examine the differences in the
frequency of individual risk factors among the screened
patient groups. Multivariate regression was used to estab-

lish the predictors of development of ROP. Logistical
regression was used to establish the predictors of devel-
opment of ROP as well as the degrees of severity. The statis-
tical software SPSS 15.0 was used in the analysis.

RESULTS

Out of 317 screened patients, 125 (39.4%) were female and
192 (60.6%) male. The average value of GA was 32.3£3.2
GW (25 to 36). Average BW was 1819.2+437.6 g (700 to
2910 g). Screened patients were divided into three groups:
Group A infants without ROP (60.9%), Group B infants
with a mild form of ROP (17.7%), and Group C infants
with a severe form of ROP treated with laser (21.5%). The
analysis of the risk factors of the observed patient groups
is given in Table 1.

Next we analyzed group correlations for each of the
risk factors using univariate regression. In particular we
analyzed the correlation of Group A with Group B, Group
A with Group C, and Group B with Group C. Statistical
significance factors for this analysis is shown in Table 2.

Gender was found to have no statistical significance
among the screened groups. High statistical significance
of GA was found in all three groups. With respect to the
group of infants without ROP, GA of infants with severe
form of ROP was four weeks higher. AS had high statistical
significance only in groups of healthy infants and infants
with severe form of ROP, which confirms that perinatal
asphyxia is a significant risk factor for the development
of severe form of ROP. Birth weight exhibited statistical
significance in all three groups. Mechanical ventilation
had a high statistical significance for several forms of ROP,
especially severe ROP. The infants with severe form of ROP
were kept on mechanical ventilation on average five times
longer than healthy infants. BPD was also found to signif-
icantly affect the development of severe forms of ROP.

Oxygen therapy was found to be a risk factor with a high
statistical significance for the development of both mild

Table 1. Retinopathy of prematurity risk factors analysis between three groups

Risk factors Group A Group B Group C
Number of patients 193 (60.88%) 56 (17.66%) 68 (21.46%)
Gender (boys/girls) 120/73 30/26 42/26
Gestational weeks 33.21+3.16 31.75+2.74 30.10+2.74
Birth weight (g) 1975.10+381.67 1738.66+408.43 1442.94+359.99
Apgar score 6.67+1.83 6.38+1.95 5.75+2.15
Duration of mechanical ventilation (days) 2.11+4.97 5.86+11.16 10.53+14.83
Duration of oxygen therapy (days) 13.94+10.60 22.82+22.24 33.97+£22.26
Dysplasio bronchopulmonalis 5 (2.59%) 9 (16.10%) 16 (23.5%)
Intraventricular haemorrhage 11 (5.70%) 8 (14.3%) 8 (11.80%)
Periventricular leucomalacia 104 (53.90%) 37 (66.1%) 56 (82.4%)
Sepsis 39 (20.20%) 19 (33.9%) 28 (41.17%)
Patent ductus arteriosus 10 (5.20%) 4 (7.11%) 8 (11.80%)
Number of blood transfusions 1.24+1.49 2.46+2.19 3.95+3.08
Erythropoietin 9 (4.70%) 8 (14.30%) 16 (23.50%)
Surfactant 22 (11.40%) 17 (30.40%) 31 (45.60%)
Diuretics 28 (14.50%) 19 (33.90%) 38 (55.90%)
Dopamine 14 (7.30%) 13 (23.20%) 26 (38.20%)
Vitamin E 18 (9.30%) 15 (26.80%) 35 (51.50%)
Dexamethasone 28 (14.50%) 8 (14.30%) 19 (27.90%)
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and severe forms of ROP, as well as transition from the mild
to severe form. Infants with the severe form of ROP were
exposed to oxygen therapy on average three times longer
than healthy infants.

IVH and/or PVL were found to be highly significant
risk factors for the development of mild and especially
severe form of ROP, but they did not affect the transition
from mild to severe form. In the group of healthy infants
40.4% did not have CNS damage, while in groups with any
form of ROP only 19.6% of infants did not have any CNS
damage. IVH was most frequent in infants with some form
of ROP (14.3%), while PVL was most frequent in infants
with severe form of ROP (82.4%).

Sepsis was found to be a highly significant risk factor
for the development of mild and severe forms of ROP and
was especially uncorrelated to the transition from the mild
to severe form of ROP. In infants with the severe form of
ROP sepsis was found in 41.2% of cases.

The number of transfusions was also found to be a
highly significant risk factor for the development of both
types of ROP. The infants with the severe form of ROP
received on average three times more transfusions than
healthy infants.

Erythropoietin was found to be a highly significant
factor of risk only for the development of severe forms of
ROP. In this study, dexamethasone was not found to be a
statistically significant risk factor, which indicates that the
administration of dexamethasone potentially prevents the
development of ROP. A hemodynamically significant PDA
closed with Indomethacin was also not found to be a statis-
tically significant risk factor for the development of ROP.

Administration of surfactant was found to be a highly
significant risk factor for the development of ROP, espe-
cially for severe forms of ROP. Surfactant was adminis-
tered to 45.6% of infants with severe form of ROP, 30.4%
of infants with some form of ROP and 11.4% of infants
which did not develop ROP.

Diuretics and Dopamine were found to be highly signif-
icant risk factors for the development of mild and espe-
cially severe forms of ROP. Diuretics were administered
to 55.9% of infants with severe form of ROP and Dopa-
mine to 38.2%.

Vitamin E was found to be a highly significant risk factor
for the development of all forms of ROP and significant
factor in transition from mild to severe form of ROP. Vita-
min E received 51.5% of infants with severe form of ROP
and only 9.3% of infants which did not develop ROP.

Out of six analyzed perinatal risk factors for develop-
ment of some form of ROP, Caesarean section was found
to be statistically significant (p=0.01). None of these factors
was found to have statistical significance for the develop-
ment of the severe form of ROP.

Multivariate logistical regression analysis was done for
all risk factors which were found to be statistically signif-
icant by the univariate regression analysis. This analysis
found independent risk factors for the development of ROP
and for transition from mild to severe form of ROP. BW
and CNS damage were found to be independent risk factors
for the development of any form of ROP (Table 3). BW and

Table 2. Group correlations for each of risk factors using univariate re-
gression

: P

Risk factors AJB A/C B/C
Gender 0.248 0.952 0.359
Gestational age 0.000* | 0.000* | 0.002*
Birth weight 0.000* | 0.000* | 0.000*
Apgar score 0.037* | 0.000* 0.119
Duration of mechanical ventilation | 0.001* | 0.000* | 0.050*
Duration of oxygen therapy (days) | 0.001* | 0.000* | 0.000*
Bronchopulmonary dysplasia 0.002* | 0.000* | 0.305
Central nervous system damage 0.001* | 0.000* | 0.218
Perinatal risk factors 0.013* 0.508 | 0.007*
Sepsis 0.033* 0.001* 0.410
Patent ductus arteriosus 0.083 0.017* 0.655
Number of blood transfusions 0.000* | 0.000* | 0.002*
Erythropoietin 0.012* | 0.000* | 0.97
Surfactant 0.001* | 0.000* | 0.084
Diuretics 0.001* | 0.000* | 0.015*
Dopamine 0.001* | 0.000* 0.074
Vitamin E 0.001* | 0.000* | 0.005*
Dexamethasone 0.967 0.013* 0.068

* statistically significant

Table 3. Independent risk factors for any form of retinopathy of pre-
maturity

. . 95% Cl for Exp(B)
Risk factor Sig. Exp(B) Lower U
Birth weight 0.001* 0.998 0.997 0.999
CNS damage 0.010* 2.019 1.185 3.438

* statistically significant; CNS - central nervous system

Table 4. Independent risk factors for transition from mild to severe form
of retinopathy of prematurity

. . 95% Cl for Exp(B)
Risk factor Sig. Exp(B) Lower Upper
Birth weight 0.052* 0.998 0.996 1.000
Perinatal risk
factors 0.002* 1.433 1.144 1.794

* statistically significant

prenatal factors were identified as independent risk factors
for transition from mild to severe form of ROP (Table 4).

DISCUSSION

All factors that were found to be statistically significant
using the univariate regression could have a direct impact
on the development of ROP in addition to indicating the
general condition of prematurely born and sick infants.
ROP is a multifactorial disease, so univariate analysis is
not a sufficient statistical method, which was also pointed
out by other authors [4, 5, 25, 26]. While univariate anal-
ysis largely ignores the correlations of risk factors, multi-
variate logistical analysis reveals the mutual dependencies
and is the method of choice for statistical analysis of risk
factors in the development of ROP [26, 27]. Many authors,
however, comment on the limitations of these multivari-
ate methods [4, 13].

In our study, BW was found as an independent risk
factor for the development of any form of ROP and tran-
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sition from milder to severe form, as shown by the authors
from the Institute of Neonatology, Belgrade [28]. Many
studies have shown that low BW and GA are most frequent
statistically significant risk factors for the development
and progression of ROP [3, 5, 6, 7]. Our analysis did not
find the GA to be an independent risk factor for the devel-
opment of ROP. The possible cause is that our screening
criterions included infants with higher GA and BW than
those in the developed countries, where the severe form
of ROP occurs in infants with BW less than 800 g and GA
less than 26 weeks [27, 29]. The mean BW (1442.94+359.99
g) and mean GA (30.10+2.74) in the severe ROP popula-
tion of our study group were comparable with those in
infants in moderately and/or poorly developed countries.
[7,30-35]. The second possible reason is the larger percent-
age of infants with intrauterine growth retardation, which
was not analyzed separately in this study.

Brain damage in preterm infants (IVH and PVL) was
found as an independent risk factor for the development
of ROP, confirming the findings of other authors [36, 37].
Hungerford et al [38] have found that 78% of infants with
a severe form of ROP had a periventricular haemorrhage.
Similar relationship was discovered by Procianoy [39]. The
majority of authors have pointed out a larger impact of IVH
on the development of ROP (12), while our study found
a larger percentage of infants with PVL. The frequency of
PVL in all three groups was 62.14%, while the frequency
of IVH was only 8.5%. Infants with a mild form of ROP
more frequently had IVH, while infants with a severe form
of ROP were found to have more frequent PVL. Other
authors point out that the frequency of PVL is 4-26% in
preterm infants in the neonatal intensive care unit (NICU)
[40]. They point out that the incidence in autopsy stud-
ies is much larger and reaches 75%. Data on the frequency
of PVL depend on the severity of the infant’s condition
when accepted in NICU, number of ultrasound exami-
nations of CNS and the definition of PVL [41, 42, 43]. A
large number of infants with PVL in our study is proba-
bly the consequence of early ultrasound CNS screening
performed at our NICU, since in that way infants with tran-
sitional ischemic CNS developments were included in the
study. The incidence of IVH ranges in literature from 20
to 60% [43, 44, 45]. Other authors have shown that IVH is
more frequent in infants with a very small BW and severe
form of ROP [12].
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AHanusa ¢pakTopa pusMKa 3a pa3Boj peTMHONaThje Kog NPeBpemeHo

poheHe pgeue

Carva Knexxeeuh', Hagexxga CrojaHosuh?, AHa Opoc?, [iparata Caeuh?, AnekcaHapa Cumosuh?, JacMriHa KHexxeBnh?
'MeguupmHckn pakynteTt, YHuBep3uteT y Kparyjesuy, Kparyjesau, Cp6uja;

epmjaTpujcka KNMHUKa, KnuHnukm uenTap, Kparyjesau, Cp6uja;

3KnuHuiKa 3a ouHe 6onectu, KnnHudkm ueHTap BojsoguHe, Hoen Cag, Cpbuja

KPATAK CALIPXKAJ

YBop PeTnHONaTWja npematypuTeTa je MyntudakTopcka bonect
Koja ce Hajuellfe jaB/ba KO BeOMa Mane 1 bonecHe npeBpeme-
HO poheHe AeLle 1 Haj3HaYajHWjV je Y3pOoK crenuna Ko aeLe.
v papa Lnms paga je 61o ga ce aHanusmpajy yuyectanocT u
baKTopy pu3mKa Koju yTuuy Ha pasnuunTe ctagujyme ose 6o-
nectu.

Metoge papa Cryguja je paheHa y LleHTpy 3a HeoHaTonorujy
Mepwnjatpujcke knmHuke y Kparyjesuy (Cpbuja) og jyHa 2006. o
Jeuembpa 2008. roguHe. OdTanMOoNOLKUM CKPUHUHIOM CY 06-
yxBaheHa cBa HoOBopoheHa feLla umja je TenecHa maca Ha po-
hHery 6una go 2.000 rpama, OAHOCHO AeLja rectalyoHe cTapo-
CTV 80 36 Hepesrba. AHaNM3MPaHO je 0CaMHAEeCT NOCTHATaTHUX
W WeCT NneprHaTanHnx dakTopa pusnKa y CBM NocMaTpaHUmM
rpynama, kao v ogHoc n3mehy rpyna 3a cBaku GpakTop nocebHo.
Pesynrtatu Op 317 geLle Koja Cy nofBpryyTa oGpTaiMoNIOLKOM
CKPUHUHTY, Ko 56 (17,7%) ce pa3Bno NoYeTHU 06NK PETUHO-
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naTuje, IOK je Kop 68 felle (21,5%) yCTaHOB/bEH TELIKN 06NMK
605ecTu. YHMBapMjaHTHOM aHaIM30M OTKPVBEH je BeNMKM 6poj
CTaTUCTMYKM 3HaYajHKX GpaKTopa pu3nKa 3a pa3Boj peTmHona-
TUje NpemaTypuTeTa, NOCeOHO 3a Pa3Boj TewkKor obmKa 60-
nect. MyntmBapujaHTHOM NIOTMCTAYKOM aHaJIM30M M3[BOje-
HW Cy He3aBMCHU GaKTopy pU3MKa: Mana TeflecHa Maca Ha po-
hery (p=0,001) n owTehera LEHTPaHOr HEPBHOT CMCTEMA
(p=0,01). He3aBncHU dakTopm pr3mKa 3a npenasak bnaxer y
TeXn 06nMK peTnuHonaTtuje 6unw cy: Mana TenecHa Maca Ha po-
hemy (p=0,05) n nepriHaTtanHu daktopu (p=0,02).

3ak/mbyuak Mana TenecHa Maca Ha pohetby 1 owTeherba LieH-
TPanHOr HEPBHOT cucTeMa 6unu cy pakTopum pm3mKa 3a pas-
BOj peTrHomMaTuje Kog npeepemeHo poheHe aee. MepuHatan-
HY GaKTopU pU3MKa O3HAYEHU Cy Kao 3HauajHU 3a noroplua-
tbe oborberba.

KrbyuHe peum: peTvHoMNaTuja NpemMatypuTeTa; GpakTopu pu-
31Ka; MyNTUBapUWjaHTHa CTaTUCTWUYKa aHanu3a
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