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ABSTRACT

Retinopathy of prematurity (ROP) is related to oxygen-regulated vascular endothelial
growth factorandtoinsulin-like growth factor-I. After premature birth, supplemental
oxygeninducesaretinal hyperoxic condition with vasoconstriction and to a definitive
interruption of retinal vasculogenesis. Peripheral ischemia may stimulate retinal
neovascularization and the onset of additional ROP-related complications. The natu-
ral course of the disease may resultinirreversible blindnessif not promptly diagnosed
and attended. Recently, a significant increase in the prevalence of ROP has been
observedin survival rates of preterminfants, especially in emerging-economy countries
in Latin America, Asia, and Eastern Europe. This article addresses the main preventive
measures in ROP.
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RESUMO

A retinopatia da prematuridade (ROP) estd relacionada com o fator de crescimento do
endotélio vascular e com o fator de crescimento insulinico-I. Apds o nascimento prema-
turo, o oxigénio suplementar provoca hiperdxia retiniana com vasoconstri¢do e interrup-
¢do definitiva na vasculogénese retiniana. A isquemia retiniana periférica estimula a neo-
vascularizagdo e o surgimento das demais complicacbes da ROP. A doenca, em sua
evolugdo natural, poderd levar d cequeira irreversivel, se ndo for diagnosticada e tratada
oportunamente. Recentemente, houve um aumento na prevaléncia da ROP pela maior
sobrevivéncia de nascidos prematuros especialmente nos paises de economia em desen-
volvimento na America Latina, Asia e no Leste Europeu. Nesse artigo vamos abordar as
principais medidas preventivas em ROP.

Descritores: Retinopatia da prematuridade; Cegueira/prevencéo & controle; Fatores de
risco

INTRODUCTION

Retinopathy of prematurity (ROP), a disease known for over 50
years in countries with low perinatal mortality rates, has been charac-
terized in recent years by an epidemic pattern in several emer-
ging-economy countries with good human development®. This fact is
directly related to the improvement in prenatal and perinatal care,
which has allowed increased survival among very low birth weight
(VLBW: birth weight (BW) <1,500 grams) or among extremely low
birth weight (ELBW: BW <1,000 grams) preterm infants.

The natural course of ROP leads to blindness, causing a social and
financial burden on the community. Irreversibly impaired vision may
also hinder cognitive and psychomotor development of the affec-
ted children®.

ROP may be prevented by providing health care for the infant
during their stay in the Neonatal Intensive Care Unit (NICU). This
instructional article analyzes the main measures required for a
proper diagnosis in patients at risk of developing ROP and also
addresses preventive measures that may be taken to reduce the
occurrence of ROP.

THE OXYGEN-THERAPY AND OCCURRENCE OF ROP

The disease correlation with the oxygen-therapy was demons-
trated by Campbell, in Australia, in 19519, and by Crosse and Evans,
in England, in 1952, Those studies, suggesting that the indiscrimi-
nate use of oxygen soon after birth was related to onset of ROP,
produced immediate effects worldwide and, between 1951 and
1960, restrictions on the postnatal use of oxygen created the misim-
pression that ROP was under control. That period, in which an actual
reduction in ROP-related blindness was observed, also corresponded
to higher mortality and increased comorbidity among surviving
preterm infants. Between 1960 and 1970, oxygen administration
was better accepted in NICU, with a significant increase in survival
of preterm babies, and, again, several cases of the disease arose.

Oxygen-therapy may be potentially toxic to several organs and
tissues, including the still immature retina. Patz et al,, in controlled
clinical trials since 1952, observed a higher incidence of ROP in
patients receiving high oxygen concentrations®. In the 1960s, it
became possible to analyze arterial blood gases, but the limits of
arterial oxygen pressure (PaO,) to effectively prevent onset of ROP

Submitted for publication: March 3, 2011
Accepted for publication: April 10, 2011

Study carried out at the Department of Ophthalmology of Hospital de Clinicas de Porto Alegre. Brazil.

! Physician, Department of Ophthalmology, Faculdade de Medicina, Universidade Federal do Rio
Grande do Sul - UFRGS - Porto Alegre (RS) Brazil; Program for the Prevention of Blindness due to
Retinopathy of Prematurity - PROROP - of Hospital de Clinicas de Porto Alegre, Porto Alegre (RS),
Brazil.

2 Physician, Department of Ophthalmology, Hospital das Clinicas de Porto Alegre - Porto Alegre (RS),
Brazil; Program for the Prevention of Blindness due to Retinopathy of Prematurity - PROROP - of
Hospital de Clinicas de Porto Alegre, Porto Alegre (RS), Brazil.

3 Physician, Department of Ophthalmology, Congenital Cataract Section, Escola Paulista de Medici-
na, Sao Paulo Federal University - UNIFESP, Séo Paulo (SP), Brazil; Program for the Prevention
of Blindness due to Retinopathy of Prematurity - PROROP - of Hospital de Clinicas de Porto Alegre,
Porto Alegre (RS), Brazil.

4 Physician, Department of Pediatrics and Neonatology, Faculdade de Medicina, Universidade
Federal do Rio Grande do Sul - UFRGS - Porto Alegre (RS), Brazil; Program for the Prevention of
Blindness due to Retinopathy of Prematurity - PROROP - of Hospital de Clinicas de Porto Alegre,
Porto Alegre (RS), Brazil.

Funding: No specific financial support was available for this study.

Disclosure of potential conflicts of interest: J.B.Fortes Filho, None; G.U.Eckert, None; M.B.Taratarella,
None; R.S.Procianoy, None.

Correspondence address: Joao Borges Fortes Filho. Department of Ophthalmology. Medical
School, Federal University of Rio Grande do Sul and Hospital de Clinicas de Porto Alegre. Rua
Ramiro Barcelos, 2350 - Porto Alegre - RS - 90035-903 - Brazil - E-mail: jbfortes@prorop.com.br

Arq Bras Oftalmol. 2011;74(3):217-21 217



PREVENTION OF RETINOPATHY OF PREMATURITY

had yet to be established. The development of pulse oximeters, a
device that monitors the oxygen concentration in the skin, revealed
wide fluctuations in oxygen levels delivered to preterm and also
demonstrated that continuous monitoring of PaO, may contribute to
significantly reduce the incidence of ROP®. The guidelines issued by
the American Academy of Pediatrics currently recommend main-
taining Pa0, at 45-80 mmHg with oxygen saturation limits of 85-
95% for preterm infants with GA >32 weeks and 85-93% for
newborn infants with GA <32 weeks".

Preterm infants are more prone to the effects of oxygen toxici-
ty, since they were used to low oxygen tensions during intrauterine
life (approximately 22 to 24 mmHg). After premature birth, there
is a dramatic increase in oxygen concentration, which may lead to
sustained hyperoxia that may overproduce vascular endothelial
growth factor (VEGF). High levels of VEGF stimulate neovasculariza-
tion of the retina, which in severe cases may result in retinal fibrosis
and retinal detachment. Repeated episodes of hypoxia-hyperoxia
favor the progression of ROP. Restricted use of oxygen can reduce
the relative risk for occurrence of ROP®.

A cohort study, conducted in England between 1990 and 1994,
showed that survival of preterm infants nursed in enough oxygen
to maintain a saturation of 80-90% was similar to that in the group
with oxygen saturation of 88-98%. However, the incidence of ROP
(threshold disease) was 6% in the group with restricted oxygen
saturation and 28% in the group with saturation of 88-98%".

York et al, between 1993 and 1995, analyzed blood gases of
231 newborn infants with BW <1,500 grams. They concluded that
variations in oxygen concentrations were directly associated with a
higher incidence of ROP onset!?.

Chow et al"V reported the results of an educational program
for oxygen delivery and monitoring in VLBW infants implemented
in 1998. Oxygen saturation was maintained at 85-95% for infants
>32 weeks' gestation and at 85-93% for infants <32 weeks’ gesta-
tion. Alarm limits at 83-93% were used to monitor oxygen satura-
tion. After strict monitoring of respiratory gases, the incidence of
ROP 3 to 4 decreased from 12.5% in 1997 to 2.5% in 2001. The need
for ROP laser treatment in the whole sample decreased from 4.4%
in 1997 to 0% at the end of 1998.

In the NICU of Hospital de Clinicas de Porto Alegre (HCPA),
southern Brazil, careful management of oxygen delivery and dura-
tion, based not only on clinical criteria, such as cyanosis and cardio-
respiratory changes, but also on pulse oximetry maintaining oxy-
gen saturation at the recommended range of 88-94%, also allowed
a significant reduction in the occurrence of ROP severe enough to
require treatment: from 6.2% in 2005 and 6.7% in 2006 to 4.2% in
2007 and 0% in 2008, 2009, and 2010. The strict management of
oxygen delivery to VLBW preterm infants as soon after birth using
blender oxygen monitors and pulse oximetry during all the oxygen-
therapy period significantly reduced the need for laser treatment
(Forte Filho JB et al. Personal communication).

PATHOGENESIS OF ROP AND THE RELATIONSHIP WITH
VEGF AND IGF-I

The occurrence of ROP is related to VEGF, an oxygen-regulated
factor, and to other non-oxygen-regulated factors, including
insulin-like growth factor-l (IGF-I). IGF-I plays an important role in
the normal development of retinal vascularization. This factor, at
low serum levels, inhibits the natural course of retinal vasculariza-
tion and, when in excess, stimulates neovascularization. Low serum
IGF-I levels, in the first weeks following premature birth, have
been associated with a greater likelihood of developing later ROP
as well as it is related to disease severity?.

After premature birth, supplemental oxygen induces a hypero-
xic condition that leads to vasoconstriction, vascular obliteration,
peripheral ischemia, and definitive interruption of retinal vascular
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development. Hyperoxia, if maintained for a longer period of time,
causes VEGF overproduction, which stimulates undesired retinal
neovascularization and the onset of additional ROP-related compli-
cations. Supplemental oxygen exposes the retina to PaO, ranging
from 60 to 100 mmHg, which is much higher than the intrauterine
tension of 22 to 24 mmHg"?.

In infants who are likely to develop ROP, peripheral retinal vessel
growth becomes sluggish or is totally interrupted resulting in an
avascular and hypoxic peripheral retina (Phase 1 of ROP). The proli-
ferative phase of disease (Phase 2 of ROP) occurs due to this
ischemia. Total extent of lack of retinal perfusion in the early phase
of ROP seems to determine the subsequent severity of disease that
may lead to retinal detachment and irreversible blindness‘2'3.

VEGF is a potent angiogenic factor necessary for normal growth
of blood vessels, but, at the same time, it is associated with undesi-
red neovascularization both in the retina and the iris. When a prema-
ture birth occurs, there is a reduction in VEGF expression. It is sug-
gested that this phenomenon results from the hyperoxia experien-
ced by the premature infants, since hypoxia induces a vaso-obli-
teration state due to endothelial cell apoptosis. As the retina gets
mature and hypoxic, due to vascular growth interruption, VEGF
levels increase progressively until undesired retinal neovasculari-
zation starts (Phase 2 of ROP). VEGF inhibition, at this phase, howe-
ver, cannot prevent retinal neovascularization of ROP, proving that
this is indeed a multifactorial disease>'.

MAIN RISK FACTORS FOR ROP

Several risk factors (RF) for ROP have been studied over the past
50 years. Among them, general immaturity and debility of the
infant’s physical health status, low BW, and prolonged oxygen-
therapy have been consistently related to disease onset. Maternal
use of antenatal steroids and beta-blockers, exposure to bright
light in the hospital nursery, use of corticosteroids, indomethacin,
surfactant, and erythropoietin, the twin situation, need for arterial
duct treatment, presence of intracranial hemorrhage, uncontrolled
oxygen therapy, recurrent apneas, blood transfusions, immunosup-
pression, concomitant presence of infections, and antibiotic use
have also been related to onset of ROP, although in a less consistent
manner. Blood transfusions in premature infants produce hemody-
namic changes due to the reduced blood volume of these patients.
Upon receiving adult erythrocytes premature babies may be affec-
ted by tissue toxicity due to increased oxygen supply to the retina“®.

Poor postnatal weight gain (WG) in the first weeks of life follo-
wing premature birth is currently considered an important and con-
sistent RF for onset of ROP, as reported in several studies. Wallace
et al.", in 2000, suggested that WG less than 50% of BW in the first
six weeks of life could indicate an important risk for the develop-
ment of severe ROP (stages 3, 4 or 5) and concluded that there was
a significant difference in WG in children who developed ROP
(stage 3 or greater) when compared with children without ROP or
with mild ROP (stages 1 or 2). Lofqvist et al.'® proposed, in 2006,
the use of postnatal WG variation together with serum IGF-I levels
as definitive and early markers of the risk of a preterm infants
developing ROP. This would allow identifying, in a timely manner,
babies at risk of developing severe ROP. Fortes Filho et al."”, in
2009, demonstrated in a prospective study the practical importan-
ce of assessing and monitoring WG in the first 6 weeks of life as a
predictive factor for later onset of ROP. In that study, it was repor-
ted that the occurrence of WG less than 51.2% of BW in the first 6
weeks of life was indicative for the development of severe ROP.
Since assessing and monitoring WG can be easily performed during
screening programs for detection of ROP, and especially because it
does not add costs to the public health system of developing
countries, this procedure would be of paramount importance as a
practical clinical tool for ophthalmologists carrying out screening
sessions for detection of ROP(19)



It is important to understand that risk factors for the develop-
ment of severe ROP show a dynamic behavior in relation to GA, that
is, patients with lower GA develop ROP because of their prematuri-
ty at birth, whereas patients with higher GA develop ROP as a result
of several diseases or comorbidities associated with prematurity,
including sepsis and hyaline membrane disease!'?.

DIAGNOSIS OF ROP ON SCREENING EXAMINATIONS IN NICU

Screening programs to detect ROP, including systematic fundus
examinations at NICU in infants at risk for ROP, provide the best
possibility of diagnosing the disease in order to establish an appro-
priate treatment prior to progression to more advanced stages
and blindness.

Inclusion criteria of patients in screening programs vary greatly
among countries, or even across regions within a country, and are
often based on BW and GA.

In Brazil, in 2002, it was established that screening for early
detection of ROP should be performed in all preterm infants with
BW <1,500 grams and/or GA <32 weeks. Initial ophthalmological
examination should be performed between the 4" and 6" week
after birth, through binocular indirect ophthalmoscopy and after
pupil’s dilation and repeated according to the findings from
baseline examination. Screening may also include infants with larger
BW or greater GA who are at risk of developing ROP due to clinical
conditions, as determined by the neonatologist in charge®.

The efficiency of an screening program for detection and early
treatment of ROP in preterm babies requires the introduction of a
routine protocol in NICU and a collaborative effort involving
ophthalmologists, neonatologists, and the nursing staff®".

On the examination day, the professionals in the NICU should
be able to indicate to the ophthalmologist which patients to be
examined, their current and previous clinical history, their mater-
nal antecedents, and their currently known RF for ROP, as follows:
presence of bronchopulmonary dysplasia, need for oxygen-thera-
py, presence of sepsis, need for blood transfusions, and use of
surfactant, indomethacin, or erythropoietin. Proper identification
of known RF for ROP may contribute to a better management of the
condition together with the team of neonatologists involved in the
prevention of ROP®Y,

Fundus examination in VLBW preterm infants is technically
difficult to perform, requiring previous training and experience
and adequate support from the nursing staff due to the poor health
status of the preterm infants. In several occasions, examinations
involve patients on ventilatory support with unstable vital signs,
who are more prone to side effects of mydriatic eyedrops and to
eye manipulations by the ophthalmologist. Therefore, the presen-
ce of the nursing staff throughout the procedure is extremely impor-
tant in order to control and maintain an open airway, to monitor
the infant’s vital signs and behavior, and to avoid life-threatening
conditions®".

Mydriatic eyedrops routinely used in examinations are not free
from side effects and may lead to cardiorespiratory complications,
especially in weaker patients. A study conducted in 1996 by Laws
showed a mean increase of 6 mmHg in diastolic pressure following
topical mydriatics. During fundus examination, there was a further
increase in both diastolic and systolic pressure of about 4 mmHg,
and the latter was likely to be a response to the stress of the
procedure®. The involvement of the nursing staff is therefore of
paramount importance during administration of eyedrops and
throughout the ophthalmological examination, requiring previous
training of the whole team to achieve adequate dilation of the
pupils with minimal side effects to the preterm. The combination
of 0.5% tropicamide and 2.5% phenylephrine eyedrops, adminis-
tered 3 times at 5-minute intervals before examination, has shown
to produce fewer side effects and an optimal mydriasis.

ForTes FiLHo JB, ET AL.

Binocular indirect ophthalmoscopy may be performed using
20-, 28-, or 30-diopter lenses. A newborn infant eyelid speculum,
particularly the Alfonso Eye Speculum (Storz® USA), (Figure 1), after
topical ocular anesthesia with one drop of 0.5% proxy-metacaine
chloride in each eye, and scleral indentation may be used to facilita-
te observation of abnormalities in zone lI.

TREATMENT OF ROP

Peripheral avascular retinal cryotherapy was the treatment of
choice for threshold ROP after 1988, due to the results from the
Multicenter Trial of Cryotherapy for Retinopathy of Prematurity
(CRYO-ROP), which confirmed that this treatment prevented ROP
progression in a significant number of patients®®. Although cryo-
therapy is still largely used, transpupillary laser has become the
method of choice in the treatment of ROP“Y. The results of treatment
with photocoagulation, using argon or diode laser, are encouraging
and can halt disease progression in most patients.

Transpupillary laser treatment should be introduced at diagno-
sis of type 1 prethreshold ROP or, at worst, at threshold ROP. Type
1 prethreshold ROP usually occurs around the 36" postconceptional
week, whereas threshold ROP usually develops between the 37t
and 38" postconceptional week.

Current drug arsenal against ROP includes intravitreal anti-VEGF
drugs. The drugs most commonly used in ophthalmology are beva-
cizumab (Avastin®), ranibizumab (Lucentis®), and pegaptanib (Ma-
cugen®). Bevacizumab is the most widely used drug for the treat-
ment of difficult cases of ROP. Since this drug is characterized by a
larger molecule with shorter half-life within the eye, it is believed to
pose less risk of iatrogenic injury to the preterm infants; however,
there is plenty of room for further research on this subject. The admi-
nistration of bevacizumab is best indicated in patients who de-
velop ROP in zone | or in more posterior zone II. In these extremely
severe cases, the current approach consists in performing anti-
VEGF treatment prior to laser treatment, since photocoagulation
leads to the breakdown of the blood-retinal barrier, causing the
drug to be eliminated from the vitreous in a shorter time (lower
therapeutic effect and poorer results) and also allowing further
systemic spread of the drug with potential side effects that are still
poorly known®2’, The recent published results of the BEAT-ROP
cooperative study regarding the efficacy of intravitreal bevacizu-
mab for acute stage 3 plus ROP as monotherapy in patients with
zone | disease (when compared with conventional laser therapy)

Figure 1.Eye examination through binocularindirectophthalmoscopy using 28-diopter
lens, scleral indentation, and Alfonso eyelid speculum.
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showed significant reduction in the recurrence rate of the retinal
neovascularization from 42% to 6%. Thus, this controlled study
showed superior efficacy of intravitreal bevacizumab over laser
therapy as measured by means of disease recurrence and abnormal
retinal structural outcomes in patients with ROP in zone |. This
represents a true breakthrough in the disease management®®.

PROGNOSIS OF ROP

ROP usually regresses in most stage 1 and 2 patients, since pe-
ripheral retina can get fully vascularized within the weeks following
premature birth, leaving few residual anatomical and functional chan-
ges. Approximately 90% of patients at these stages show sponta-
neous disease involution and do not require specific treatment.
These patients only need progressive follow-up during the first years
of life to prevent amblyopia and strabismus and to correct ame-
tropias, whose incidence appears to be greater in preterm babies
when compared with nonpremature infants??.

When ROP reaches stage 3 threshold disease or type 1 prethre-
shold disease, the patients require treatment, since 50% of patients
at threshold disease and more than 15% of patients at type 1 pre-
threshold disease will have unfavorable anatomical and functional
outcomes without appropriate treatment®?.

Prognosis of treatment with cryotherapy or diode laser pho-
tocoagulation in threshold disease patients is good and can pre-
vent visual loss in about 70 to 80% of patients, presently®". Howe-
ver, many children who undergo treatment show subsequent
unsatisfactory visual acuity due to residual anatomical changes
likely to affect macular region or due to strabismus, amblyopia, or
high ametropia®".

INCIDENCE AND PREVALENCE OF ROP IN BRAZIL

In Brazil, Graziano et al.®?, in 1997, prospectively analyzed data
from 102 patients with BW <1,500 grams. The authors detected the
occurrence of 29.9% of ROP, including all stages and drew
attention to the high prevalence of ROP (78.5%) among patients
with BW <1,000 grams and to the 72.7% of ROP in babies <30 weeks’
GA. The study concluded that children with BW <1,000 grams and
GA <28 weeks were at greater risk of developing stage 3 ROP or
even a more advanced stage of disease.

The prevalence of ROP found in prospective studies carried out at
HCPA after 2002 also demonstrated high prevalence of ROP (45.6%)
in infants with BW <1,000 grams or GA <30 weeks (40.3%)"334,

Studies using data from other regions of Brazil have also shown
similar results®2#.

PREVENTION TO REDUCE ROP-INDUCED BLINDNESS

The prevention of ROP comprises a set of measures centered in
neonatal screening for timely detection and treatment of the
disease, when necessary. According to Quinn®?, the questions that
need to be raised and addressed are:

1) How DO YOU IDENTIFY THE POPULATION AT RISK FOR ROP?

It should be performed through the implementation of a screening
program for the detection of ROP, with weekly ophthalmological
assessments in the NICU including all infants at risk for ROP. Brazi-
lian guidelines include patients with BW <1,500 grams and/or GA
<32 weeks for southern and southeastern Brazil. In northern and
northeastern Brazil, patients with larger BW and greater GA may be
examined at the physician’s discretion due to reports of ROP severe
enough to require treatment in older babies in these regions.
These criteria are not static and they should be tailored to each
population group and need to be regularly reviewed“,
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2) How po You IDENTIFY ROP THAT NEEDS TREATMENT?

Patients who develop type 1 prethreshold ROP or, at worst,
threshold ROP, need to be treated promptly and before 37 weeks
of postconceptional age.

3) WHAT Is THE IDEAL TREATMENT FOR ROP?

Diode laser transpupillary photocoagulation of the peripheral
avascular retina is currently the gold standard for treatment of ROP
in more anterior zone Il or in zone lll. Treatment should be perfor-
med between the 37" and 38" postconceptional week. Intravitreal
antiangiogenic drugs should be introduced as adjuvant therapy
after laser treatment in cases of progressive ROP or even prior to
laser treatment in more severe cases of ROP in zone | or posterior
zone Il. AntiVEGF therapy should be initiated before 36 weeks of
postconceptional age.

4) WHAT DO YOU DO WHEN TREATMENT FAILS?

Patients undergoing laser treatment should be followed weekly
for monitoring of disease progression as long as there is evidence
of plus disease. Regression of plus disease is usually observed within
2 weeks from treatment. If the disease persists 3 weeks after
treatment, a second course of laser therapy should be considered
by the ophthalmologist. Such situation has been reported to occur
in 15 to 20% of treated cases. Confluent treatment is the goal of the
second course of laser therapy in order to cover areas left untreated
in the first session.

5) How po You PREVENT SEVERE ROP BY BETTER CONTROLLING RISK
FACTORS IN PRETERM INFANTS?

Phase 1 ROP may be inhibited by an effective monitoring of
oxygen-therapy as soon after birth and specific control of RF that
each potential ROP patient might show during their NICU stay.

CONCLUSIONS

Neonatal screening examination for detection of ROP, when
performed between the 4" and 6" week after birth in VLBW and ELBW
preterm infants, provides the best possibility of controlling the
disease in those patients who are likely to develop irreversible
ROP-related complications.

A collaborative effort involving neonatologists, ophthalmologists,
and the nursing staff has contributed greatly to reduce the incidence
of ROP in nearly all countries with high quality perinatal care.

Neonatologists play a crucial role in this setting by ensuring that
each affected patient receives the best treatment available, accor-
ding to the set of RF that they present individually, and also by
ensuring that standards for oxygen supply and monitoring are fol-
lowed in the NICU.

The role of the nursing staff is critical to a successful prevention
of ROP-induced blindness, since these professionals, in addition to
scheduling patients at birth, are present throughout the examina-
tion process and also participate actively in the recommendations
to the patient’s family about the importance of the follow-up
examinations after discharge.

Adequate management of maternal risk factors to reduce the
possibility of premature labor and a strict management of oxygen
delivery since birth, in addition to neonatal screening programs have
contributed greatly to reduce ROP-related childhood blindness world-
wide, as well as in Brazil.
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