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Purpose: The purpose of this research is to determine retinopathy of prematurity (ROP)
prevalence and possible risk factors associated with ROP development in newborns admitted
to a neonatal unit of a Peruvian National Reference Hospital.

Patients and Methods: This retrospective study included 216 preterm infants. The data
were collected between January 2016 and December 2018. All infants were examined
according to Peruvian guidelines for screening and treatment of ROP. The association of
clinical risk factors and the development of ROP was analyzed and predictive factors were
determined.

Results: The study subjects were 216 preterm infants of which 72 had some stage of ROP
(32 stage 1; 23 stage 2 and 17 stage 3) and 144 preterm infants without ROP. The incidence
of ROP in preterm infants less than 32 weeks was 60.9%, while for those weighing less than
1500 g it was 71.6%. The factors associated with ROP were gestational age below 32 weeks,
birth weight below 1500 grams, neonatal sepsis, oxygen therapy, mechanical ventilation,
hyaline membrane disease, bronchopulmonary dysplasia, persistence of ductus arteriosus and
intraventricular hemorrhage. Exclusive breastfeeding was found to play a protective role
against ROP. Binary logistic regression analysis found that only gestational age below 32
weeks (OR, 2.637; 95% CI, 1.04-6.69), weight below 1500 grams (OR, 4.377; 95% CI,
1.75-10.92), neonatal sepsis (OR, 6.517; 95% CI, 2.81-15.14), vaginal delivery (OR, 3.748;
95% CI: 1.54-9.14), and the presence of hyaline membrane disease (OR, 3.58; 95% CI,
1.47-8.74) are predictors of ROP.

Conclusion: The incidence of ROP among very low birth weight infants was 71.6%. Infants
with weight below 1500 grams, neonatal sepsis, presence of hyaline membrane disease
whose mother had vaginal delivery are at risk for the development of ROP. Thus, preventing
premature births and encouraging exclusive breastfeeding are two main ways to prevent
ROP.

Keywords: retinopathy of prematurity, gestational age, sepsis, birth weight, anemia,
exclusive breastfeeding

Introduction
The incidence of premature births worldwide in 2014 was about 15 million, a rate that
has been increasing over the past 20 years.' It is estimated that one in ten newborns is
born prematurely worldwide, more than 1 million children die each year from compli-
cations of premature birth, and many survivors face a lifetime of disabilities, including
learning disabilities, hearing disabilities, and visual impairments.”

One of its main complications is retinopathy of prematurity (ROP),
a vasoproliferative developmental disorder of the retinal vessels that affects preterm
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infants and, if left untreated, can lead to severe and irre-
versible visual impairment.> Although significant progress
has been made in perinatal care, ROP remains a serious
complication. It is estimated that each year about 170,000
preterm infants worldwide develop some degree of ROP,
of which 20,000 end in severe visual impairment or sec-
ondary blindness.* In Latin America, the prevalence of
ROP at some stage varies from 6.6% to 82% while the
most severe stage is in the range of 1.2% to 25%.” In Peru,
there is little information on incidence and risk factors of
ROP.® Although significant progress has been made in
perinatal care, the country still lacks strategies for proper
diagnosis and treatment, which increases the likelihood of
poor prognosis and inadequate management, making ROP
a serious complication in premature infants.’

Multiple studies show that ROP is a multifactorial
pathology; among the neonatal risk factors that have
been described are low birth weight, gestational age, neo-
natal sepsis, respiratory distress, hyaline membrane dis-
ease, transient tachypnea, bronchopulmonary dysplasia,
oxygen therapy, mechanical ventilation, intraventricular
hemorrhage, anemia and persistence of the ductus
arteriosus.” ° Identification of risk factors involved in the
progression of ROP and a better understanding of their
etiology can help ophthalmologists and neonatologists in
careful detection, accurate diagnosis and prevention of
disease development.” Retinopathy of prematurity is gen-
erally predictable in nature, sequentially progressive, such
that timely treatment has been shown to reduce the risk of
visual loss, and effective care with carefully timed indirect
ophthalmoscopy examinations to identify the presence of
ROP allows for timely treatment.'’

This article determines the incidence of ROP and eval-
uates the possible risk factors associated with the devel-
opment of ROP in newborns admitted to a neonatal unit of
a Peruvian level III hospital.

Methods

Design

This was a retrospective case-control study in which the
medical records of all preterm infants admitted to the
neonatal unit of the Hipolito Unanue National Hospital
from January, 2016 to December, 2018 were reviewed.
This is a level III-1 hospital belonging to the Ministry of
Health which serves the population of Eastern Lima. The
project was approved by the Ethics Committee of the
Hospital.

Participants and Procedure

During the 3-year study period, 300 preterm infants were
admitted to the neonatal area, of which 216 met the inclusion
criteria: gestational age <37 weeks (obtained by the Capurro
method),'" birth weight <2500 g, indirect ophthalmoscopy
by the ophthalmology specialist, and 84 were excluded due to
death before the first month of life, failure to complete
screening for ROP, multiple pregnancies, congenital malfor-
mation, or incomplete data in their medical history.

The variables included in the study were selected based
on Peruvian guidelines for screening and treatment of ROP.
These guidelines were prepared to establish the dispositions
for preterm infant care with high risk of ROP in Peruvian
hospitals and the screening needed to identify ROP for early
treatment. It also evaluates maternal and neonatal risk for
ROP.'? Data were collected for gender, gestational age, birth
weight, occurrence of anemia, occurrence of sepsis (based on
clinical assessment and positive blood cultures), type of
breastfeeding, oxygen therapy, mechanical ventilation, type
of delivery, and presence of systemic comorbidities such as
lung disease (hyaline membrane disease, bronchopulmonary
dysplasia, transient tachypnea of the newborn, all diagnosed
by physical examination and auxiliary tests such as X-rays or
CT scans), digestive disease (necrotizing enterocolitis), and
heart disease (persistence of ductus arteriosus, intraventricu-
lar hemorrhage). Based on the results of other studies, each
preterm infant was assigned a category based on gestational
age (<32 weeks and >32 weeks) and birth weight (<1500
g and >1500 g) because these studies found that these two
cutoff points show a significant association with the devel-

opment of ROP.'>!*

Statistical Analysis

The statistical analyses were carried out with the R and
SPSS programs. A bivariate analysis was made using chi-
squared to identify possible factors associated with ROP,
in addition the OR was calculated. To identify the predic-
tors of ROP, a multivariate analysis was done. Factors that
were significantly associated with ROP (p < 0.05) were
included in a binary logistic regression model and the
gradual backward elimination method was applied, con-
sidering a significance level of 0.10.

Results

Information was initially collected from 300 preterm
infants, of which 84 cases (28%) were excluded
(Figure 1). Of these, 12 did not survive the first month
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NB Premature:
300

Included Cases: Excluded Cases:
216 84
NB with ROP: NB without ROP:
72 144
| Stage 1:32 | | Stage2:23 | | Stage3:17 |

Figure | Diagram of the distribution of preterm infants in the study.
Abbreviations: NB, newborns; ROP, retinopathy of prematurity.

of life and therefore did not complete the ophthalmological
examination (4%), 46 were from a multiple pregnancy
(15%), 4 had congenital malformations (1.3%) and 22
recorded incomplete data (7.3%). Thus, 216 preterm
infants were considered in the study; 94 were female
(43.5%) and 122 male (56.5%). As for their clinical char-
acteristics, 87 (40.3%) were born before 32 weeks of
gestation, 67 (31%) weighed less than 1500 grams, 18
(8.3%) were diagnosed with anemia, 78 (36.1%) presented
sepsis, 187 (86%) received mixed or non-exclusive breast-
feeding, 158 (73.1%) received oxygen therapy, 73 (33.8%)
were breathing through mechanical ventilators, 77 (35.6%)
were born through vaginal delivery, 102 (47.2%) had hya-
line membrane disease (Table 1).

Out of all the infants who received an ophthalmologi-
cal evaluation by specialists, 72 (33%.3) were diagnosed
with ROP in any stage; 32 were in stage 1 (44.4%), 23 in
stage 2 (31.9%) and 17 in stage 3 (23.6%); however, it is
noteworthy that in the three stages there are greater fre-
quencies in the area of affectation III located in both eyes
(Table 2). No cases were found with affectation in Zone I,
since this zone is the one close to the papilla and the optic
nerve, meaning that an affectation in this area would be of
greater severity. Likewise, stage 3 lesions were not evi-
denced in the I and II areas, since this stage implies
extraretinal fibrovascular proliferation, and I and II zones
are more concentric.

The incidence of ROP in preterm infants under 32
weeks was 60.9% (53 of 87), while for those weighing
less than 1500 grams it was 71.6% (48 of 67). Bivariate
statistical analysis (Table 3) shows that ROP is signifi-
cantly (p < 0.01) associated with gestational age below
32 weeks (OR = 9.02), birth weight below 1500 grams

(OR = 13.15), neonatal sepsis (OR = 15.0), oxygen ther-
apy (OR = 10.2), mechanical ventilation (OR = 6.232),
hyaline membrane disease (OR = 12.14), bronchopulmon-
ary dysplasia (OR = 3.36), ductus arteriosus persistence
(OR = 4.14) and intraventricular hemorrhage (OR
15.40). Significant associations were also found (p
0.05) with hemoglobin level below 13.5 mg/dL (OR
2.74) and vaginal delivery (OR = 2.10). Only 4 preterm
infants were exclusively breastfed and had ROP, this asso-

A

ciation was significant (p < 0.05); therefore, this analysis
suggests that exclusive breastfeeding plays a protective
role against ROP (OR = 0.28). A similar result was
obtained with transient tachypnea of the newborn (OR =
0.183).

The multivariate analysis was performed with the vari-
ables that were significantly (p < 0.05) associated with
ROP (Table 4). Thus, we found that gestational age less
than 32 weeks (ORB = 2.63), weight less than 1500 grams
(ORB = 4.37), neonatal sepsis (ORB = 6.51), vaginal
delivery (ORB = 3.74), and the presence of hyaline mem-
brane disease (ORB = 7.83) are predictors of ROP (p
< 0.05).

Discussion

ROP continues to be one of the leading causes of child-
hood blindness in the world, and in Peru it is the leading
cause.'” This is due to the increased survival rate of very
premature infants with the development of neonatal inten-
sive care units.

The incidence of ROP varies considerably in different
populations and ethnic groups, so much so that in India it
fluctuates from 38 to 47%, Thailand reports prevalence
between 14 and 33%, while in Mexico approximately
24% of childhood blindness occurs as a result of ROP.'
In this study, the overall incidence of ROP in preterm
infants was 33.3% (72 of 144), with 23.6% of these infants
having severe ROP (stage 3) (Tables 2 and 3). In a study
conducted in 2010-2011 in the same city, an incidence of
19.06% was reported,'” this increase in recent years is also
evident in other Latin American countries.’

In this retrospective study, we analyzed the risk factors
associated with ROP. It is noteworthy that the incidence
and severity of ROP is inversely related to gestational age
and birth weight.® This study showed that newborns with
gestational age <32 weeks had 9.02 times (p < 0.001) more
risk of presenting ROP (Table 3), on the other hand, new-
borns with a weight < to 1500 gr. had a 13.15 times higher
risk (p < 0.001). These results are consistent with other
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Table | Distribution of Clinical Characteristics of Preterm Infants

Variables Values Female (94) Male (122) Total (216)
n (%) n (%) n (%)
Gestational age < 32 weeks 43 (45.7) 44 (36.1) 87 (40.3)
> 32 weeks 51 (54.3) 78 (63.9) 129 (59.7)
Weight < 1500 gr 33 (35.1) 34 (27.9) 67 (31)
> 1500 gr 61 (64.9) 88 (72.1) 149 (69)
Anemia Hb < 13.0 mg/dl 9 (9.6) 9(74) 18 (8.3)
Hb >13.0 mg/dl 85 (90.4) 113 (92.6) 198 (91.7)
Sepsis Yes 36 (38.3) 42 (34.4) 78 (36.1)
No 58 (61.7) 80 (65.6) 138 (63.9)
Breastfeeding Exclusive 10 (10.6) 19 (15.6) 29 (13.4)
Mixed 84 (89.4) 103 (84.4) 187 (86.6)
Oxygen therapy Yes 66 (70.2) 92 (75.4) 158 (73.1)
No 28 (29.8) 30 (24.6) 58 (26.9)
Mechanical Ventilation Yes 34 (36.2) 39 (32) 73 (33.8)
No 60 (63.8) 83 (68) 143 (66.2)
Type of delivery Vaginal 32 (34) 45 (36.9) 77 (35.6)
Cesarean section 62 (66) 77 (63.1) 139 (64.4)
Hyaline Membrane Disease Yes 39 (41.5) 63 (51.6) 102 (47.2)
No 55 (58.5) 59 (48.4) 114 (52.8)
Transient tachypnea of the newborn | Yes 16 (17) 23 (18.9) 39 (18.1)
No 78 (83) 99 (81.1) 177 (81.9)
Bronchopulmonary dysplasia Yes 332 8 (6.6) I (5.1)
No 91 (96.8) 114 (93.4) 205 (94.9)
Necrotizing Enterocolitis Yes 4 (4.3) | (0.8) 5(2.3)
No 90 (95.7) 121 (99.2) 211 (97.7)
Ductus arteriosus persistence Yes 15 (16) 12 (9.8) 27 (12.5)
No 79 (84) 110 (90.2) 189 (87.5)
Intraventricular hemorrhage Yes 2 (2.1) 6 (4.9) 8 (3.7)
No 92 (97.9) 116 (95.1) 208 (96.3)

Abbreviation: Hb, hemoglobin.

studies that have reported these factors among those most
associated with ROP."* Additionally, in multivariate ana-
lysis, both factors were found to predict ROP in preterm
infants (Table 4).

Pre-term infants with intraventricular hemorrhage and
sepsis were 15 times (p < 0.001) more likely to have ROP,
so both variables would be the most prominent risk fac-
tors. Sepsis in this case is referred to as early-onset,
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Table 2 Distribution of Preterm Infants with Retinopathy
According to Location, Stage and Area of Involvement. The

Stages Were Classified According to the International

Classification of ROP
Stage | Affected Area | Location N %
| Il BE 4 5.60%
| Il LE 2 2.80%
| 1l LE 3 4.20%
| 1l RE 5 6.90%
| 1l BE 18 25.00%
2 Il BE 5 6.90%
2 1l LE 2 2.80%
2 1l RE 3 4.20%
2 1l BE 13 18.10%
3 1l BE 17 23.60%
Total 72 100%

Abbreviations: BE, both eyes; RE, right eye; LE, left eye.

defined as a positive bacterial culture in blood or CSF at
less than 72 hours of age, which plays an important role in
the pathogenesis of ROP, and is considered the result of
intrauterine infection or vertical transmission of pathogens
during delivery, which is an important cause of mortality
and morbidity during the neonatal period.'® In addition,
infection rates increase with decreasing birth weight and
its case fatality rate is inversely related to gestational
age."”
With regard to the hemoglobin values found, the cut-
off point for the diagnosis of anemia was hemoglobin < at
13 g/dl, as recommended in the technical standard for the
classification of anemia in premature infants in Peru.”’ In
this study, newborns with anemia had 2.74 times (p <
0.05) more risk of ROP. Research mentions that anemia
in premature infants is caused by an immature hemato-
poietic system, inadequate production of erythropoietin
and iatrogenic blood loss. As part of their treatment, they
should be given blood transfusions at some point during
hospitalization according to their hemoglobin levels and
clinical indications, including oxygen requirements, and
are therefore more likely to develop ROP.*!

Exclusive breastfeeding was shown to act as
a protective factor (OR = 0.016 and p < 0.05) (Table 3).
One systematic study found that providing any amount of
breast milk, even if it is not exclusive, has immense
clinical importance and economic benefits based on its
association with a lower incidence of total ROP and severe
ROP.?> On the other hand, Zepeda-Romero established
that uncontrolled oxygen supplementation is the main

ROP

a gestational age of >32 weeks;*

with
similarly, the duration

risk factor for severe in newborns
and number of hyperoxic events have been shown to
increase the risk of ROP, and automated respiratory oxy-
gen monitoring is recommended.”* In our study, preterm
infants who received oxygen therapy had 10.20 times the
risk of ROP (p < 0.001) (Table 3); and regarding the type
of oxygen therapy received, infants who received mechan-
ical ventilation had 6.23 times the risk (p < 0.001). Not
receiving mechanical ventilation may then be a protective
factor against retinopathy.”’

The optimal mode of delivery for very low birthweight
infants remains controversial, despite the lack of evidence
of any benefit with respect to neonatal outcomes.?®
Cesarean delivery is increasingly common, especially at
early gestational ages. One study showed that in infants
who survived after seven days of hospitalization, short-
term neonatal morbidity rates were not significant when
comparing preterm infants born vaginally and those born
through a cesarean section.”® In this study, those born
vaginally had twice the risk (OR = 2.1 and p < 0.05) of
having ROP (Table 3), which means this is as a predictor
of ROP by logistic regression analysis (Table 4).

According to Table 3, preterm infants with intraventri-
cular hemorrhage had a 15.40-fold increased risk (p <
0.01) of ROP, those with hyaline membrane disease had
a 12.14-fold increased risk (p < 0.001), bronchopulmonary
dysplasia had a 3.36-fold increased risk (p < 0.001) of
ROP, and ductus arteriosus persistence had a 4.14-fold
increased risk (p < 0.001) of ROP. On the other hand, Le
C. found that other significant postnatal risk factors
observed were premature infant apnea, patent ductus arter-
josus and transient tachypnea of the newborn.?’
Interestingly, in this study, this last variable behaved as
a protective factor for ROP (OR = 0.18 and p < 0.01).
Necrotizing enterocolitis did not represent a significant
risk factor for the onset of retinopathy, although several
studies consider it as a risk factor for ROP.***’

Finally, in multivariate analysis, gestational age (<32
weeks), weight (<1500 g), sepsis, vaginal delivery and hya-
line membrane disease are presented as significant predictors
of retinopathy in preterm infants (Table 4). Other studies also
show that gestational age, low birth weight and hyaline
membrane disease are predictors of retinopathy of
prematurity.***' However, although in this study sepsis and
vaginal delivery are considered predictors of retinopathy of
prematurity, further research is needed to show the behavior
of these variables in multivariate models.
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Table 3 Bivariate Analysis of Risk Factors Associated with Retinopathy in Preterm Infants

Variables Values With ROP (72) | No ROP (144) X2 OR 95% ClI p
n (%) n (%) Low Up

Gestational age < 32 weeks 53 (73.6) 34 (23.6) 49.88 9.02 | 471 17.28 | <0.001
> 32 weeks 19 (26.4) 110 (76.4)

Weight < 1500 gr 48 (66.7) 19 (13.2) 64.14 13.15 | 6.61 | 26.17 | <0.00l
> 500 gr 24 (33.3) 125 (86.8)

Anemia Hb < 13.0 mg/dI 10 (13.9) 8 (5.6) 4.36 2.74 1.03 7.28 < 0.05
Hb >13.0 mg/dl 62 (86.1) 136 (94.4)

Sepsis Yes 54 (75) 24 (16.7) 779 I5 752 | 2991 | <0.00l
No 18 (25) 120 (83.3)

Breastfeeding Exclusive 4 (5.6) 25 (17.4) 5.75 0.28 | 0.09 0.83 <0.05
Mixed 68 (94.4) 119 (82.6)

Oxygen therapy Yes 68 (94.4) 90 (62.5) 24.93 102 | 352 | 29.53 | <0.00I
No 4 (5.6) 54 (37.5)

Mechanical Ventilation Yes 44 (61.1) 29 (20.1) 36.01 6.23 | 3.33 11.64 | <0.001
No 28 (38.9) 115 (79.9)

Type of delivery Vaginal 34 (47.2) 43 (29.9) 6.3 2.1 1.17 3.77 < 0.05
Cesarean section 38 (52.8) 101 (70.1)

Hyaline Membrane Disease Yes 60 (83.3) 42 (29.2) 56.5 12.14 | 593 | 2485 | <0.00l
No 12 (16.7) 102 (70.8)

Transient tachypnea of the newborn | Yes 4 (5.6) 35 (24.3) 11.4 0.18 | 0.06 0.53 < 0.0l
No 68 (94.4) 109 (75.7)

Bronchopulmonary dysplasia Yes Il (15.3) 0 (0) 23.18 336 | 2.72 4.14 < 0.001
No 61 (84.7) 144 (100)

Necrotizing Enterocolitis Yes 342 2 (1.4) 1.63 3.08 0.5 18.9 0.201
No 69 (95.8) 142 (98.6)

Ductus arteriosus persistence Yes 17 (23.6) 10 (6.9) 12.19 4.14 1.78 9.61 < 0.001
No 55 (76.4) 134 (93.1)

Intraventricular hemorrhage Yes 7 (9.7) 1 (0.7) 1.96 15.4 1.85 | 127.74 | < 0.0l
No 65 (90.3) 143 (99.3)

Abbreviation: Hb, hemoglobin.

The main limitation of the present study was its retro-
spective design, including the observation of data from
a single center, so future studies should include multiple
hospitals or clinics in order to reach findings that allow for
more accurate inference and generalization of results.

However, Hipo6lito Unanue Hospital is one of the national
reference centers in Peru. Therefore, we consider that
these results are still remarkable in revealing associated
factors and predictors of ROP in premature infants with
birth weight below 1500 gr.

https:
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Table 4 Binary Logistic Regression of ROP Predictors

Variables X% waa | ORg 95% CI p
Low. Up.
Gestational age 4.161 2.637 | 1.039 | 6.694 < 0.05
(< 32 weeks)
Weight (< 1500 gr.) | 10.009 | 4.377 | 1.754 | 10.923 | < 0.0l
Sepsis 19.006 | 6.517 | 2.806 | 15.136 | < 0.001
Vaginal birth 8435 | 3.748 | 1.537 | 9.14 < 0.0l
Hyaline Membrane 7.838 3.58 | 1.466 | 8743 < 0.0l
Disease

Abbreviation: ORg, multivariate risk.
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