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ABSTRACT

This study discusses current aspects regarding retinopathy of prematurity (ROP), a clinical disorder that leads to the
highest number of children in the world becoming blind. This emphasizes the importance of screening for the disease in
all preterm infants with a very low birth weight, identifying retinopathy at a proper time, and treating it using laser at about
37 weeks post-conception while there is still a chance for treatment, which should preferably be conducted during the
child stay at the Neonatology Center. The first ophthalmic examination should be performed using binocular indirect
ophthalmoscopy, with dilated pupils, between 4 and 6 weeks after birth in all newborns weighing 1,500 g or less and/or
at the gestational age of 32 weeks or less, as proposed by the Brazilian Guidelines for ROP Screening and Detection. The
follow-up of children with or without retinopathy should be conducted periodically until vascularization of Zone 3 temporal
retina is normalized, and this normalization should be maintained during the first years of life for the prevention of amblyopia
and strabismus and for the correction of refractive errors related to prematurity.

RESUMO

Este artigo aborda aspectos atuais sobre a retinopatia da prematuridade (ROP), entidade clinica responséavel pela maior
quantidade de criangas cegas em todo o mundo nos dias de hoje. Procura chamar a atengao para a importancia da
triagem na busca da doenca em todos 0s prematuros de muito baixo peso e a necessidade de que a retinopatia seja
identificada no momento adequado e tratada pelo laser ao redor da 372 semana de idade pés-concepgao, quando ainda
existe chance para o tratamento que devera ser feito, preferencialmente, durante o tempo de permanéncia da crianga no
Centro de Neonatologia. O exame oftalmoldgico inicial deve ser realizado sob oftalmoscopia binocular indireta e dilatagcdo
das pupilas, entre a 4% e a 6* semana de vida, em todos os recém-nascidos com peso igual ou menor do que 1500
gramas e/ou com idade gestacional igual ou inferior a 32 semanas conforme proposto pelas Diretrizes Brasileiras de
Triagem e Deteccao da ROP. O acompanhamento das criangas com ou sem retinopatia devera seguir periodicamente
até a normalizagao da vascularizagéo da retina temporal na zona lll e devera ser mantido pelos primeiros anos de vida
para a prevencao da ambliopia e do estrabismo e para a corregado das altas ametropias relacionadas com a
prematuridade.

RESUMEN

Este articulo aborda aspectos actuales sobre a retinopatia de la precocidad (ROP), entidad clinica responsable por la
mayor cantidad de nifios ciegos en todo el mundo en la actualidad. Busca llamar la atencion a la importancia de un
sistema de clasificacion (triaje) en la busqueda de la enfermedad en todos los prematuros de muy bajo peso y la necesidad
de que la retinopatia se identifique en el momento adecuado y se trate por medio de laser alrededor de la 37¢ semana de
edad post-concepcion, cuando aun hay oportunidad para el tratamiento que debera hacerse, preferencialmente, durante
el tiempo de permanencia del nifio en el Centro de Neonatologia. El andlisis oftalmoldgico inicial se debe realizar bajo
oftalmoscopia binocular indirecta y dilatacion de las pupilas, entre la 4% y la 6% semana de vida, en todos los recién nacidos
con peso igual o menor que 1500 gramos y/o con edad gestacional igual o inferior a 32 semanas, segun lo proponen las
Directrices Brasilefias de Triaje y Deteccion de ROP. El acompafiamiento de los nifios con o sin retinopatia debera seguir
periddicamente hasta la normalizacion de la vascularizacion de la retina temporal en la zona lll y debera mantenerse los
primeros afios de vida para la prevencion de la ambliopia y del estrabismo, y para la correccion de las altas ametropias
relacionadas a la precocidad.
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INTRODUCTION, DISEASE CHARACTERISTICS, AND LITERATURE REVIEW

Described more than 50 years ago, retinopathy of prematurity (ROP) has become one of the main causes of blindness during
childhood worldwide. ROP, in its natural evolution, incurs high social and financial costs for the whole community because it causes
irreversible vision damage, impairing the cognitive as well as psychomotor development of the affected child. 22

ROP was first described by Terry in 1942 as retrolental fibroplasia (FRL). He identified an abnormal growth of the fibroblastic tissue
and blood vessels juxtaposed posteriorly to the lens, causing bilateral blindness in children born prematurely. Between 1942 and 1945,
Terry reported a total of 117 cases of blindness among surviving preterm infants.° Ten years later, FRL was the major cause of blindness
among children; Silverman estimated that between 1943 and 1953, more than 7,000 children born prematurely were blind due to this
disease in the United States. ©

As new knowledge was gathered about the pathogenesis of this disease, the term FRL was gradually revised to ROP by Health in
1951 to aptly describe the condition. *

The relationship between ROP and the use of oxygen, which is vital for the survival of preterm infants, was evidenced by Campbell in
Australia in 1951 & and by Crosse and Evans in England in 1952.2 These studies suggested that the indiscriminate use of oxygen right
after a premature birth was related to the onset of ROP, producing an immediate effect all over the world. Between 1951 and 1960, the
use of postnatal oxygen was a major restriction, leading to the false impression that ROP was under control. This period presented a
reduction in cases of blindness caused by ROP, but it also coincided with a higher mortality rate or increased comorbidities among
surviving preterm infants. In 1973, Cross estimated that for each case wherein blindness caused by ROP was prevented, there were 16
cases of death among preterm infants in the United States. 1©

The period between ROP identification and the early 1960s became known as the “first ROP epidemic.” From 1960 to 1970, the use
of oxygen increased in Neonatal Intensive Care Units (NICUs), and again, many cases of ROP were reported as well as an important
increase in the survival of preterm infants was noted. This period was known as “the second ROP epidemic.” Since the 1980s, a “third
ROP epidemic” has been identified by the international scientific community, with ROP as the major cause of childhood blindness in all
countries with growing economies, due to a considerable increase in the survival of very low birth weight (VLBW) preterm infants (VLBW
< 1,500 g), particularly in the survival of extremely low birth weight (ELBW) preterm infants (ELBW < 1,000 g). 1213

ROP EPIDEMIOLOGY IN BRAZIL

ROP has been considered one of the major causes of childhood blindness in countries with growing economies, including Brazil. 1112
In recent years, with more and more hospitals offering better care for high-risk pregnancies and improvements in the care quality, an
increase has been reported in the survival rate of ELBW preterm infants, from 8% to approximately 35%, in most developing countries.
13

Many institutional studies have been conducted, allowing a better understanding of ROP in Brazil. In 1995, Moraes et al. prospectively
analyzed a population of 1,342 preterm infants with BW < 2,100 g and gestational age (GA) at birth < 37 weeks, born in Sao Paulo, and
detected ROP in 28% of the cohort; 80% of ROP at any stage occurred in infants with BW < 1,000 g, and 42% of ROP occurred in
infants with GA at birth < 29 weeks. * In a study published in 2007 and conducted in Joinville, Santa Catarina, South Brazil, Bonotto et
al. analyzed data on 286 preterm infants with GA at birth < 37 weeks and reported 20% prevalence of ROP at any stage.’® In Rio de
Janeiro in 2009, Schumann et al. reported data on the occurrence of ROP: 53.4% among 73 patients had a BW < 1,500 g and/or GA at
birth < 32 weeks. 18 A study conducted by Pinheiro et al. in Natal, Rio Grande do Norte, Northeast Brazil, analyzed data on 663 preterm
infants with BW < 1,500 g and/or GA at birth < 36 weeks and reported an ROP incidence of 62.4% between 2004 and 20086.  Filho et
al. in Porto Alegre, Rio Grande do Sul, South Brazil, published several prospective studies that included and collected data on patients
according to the Brazilian Guidelines for ROP Examination and Treatment, published in 2007. € The prevalence of ROP at any stage
from 2002 in infants with BW < 1,500 g and/or GA at birth < 32 weeks (VLBW) was reported to be around 25%, whereas that of severe
ROP requiring treatment (threshold ROP or Type 1 prethreshold ROP) was 5%. When considering infants with BW and GA below 1,000
g and 28 weeks (VLBW), the occurrence of ROP was much higher, reaching 45% and 17%, respectively, for ROP at any stage and for

severe ROP requiring treatment.'92021.22 These important variations in the prevalence of ROP observed in different studies published in
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Brazil show great regional differences among the Brazilian population as well as considerable differences in the general neonatal care
provided in the country.

In Brazil, estimates indicate that every year more than 15,000 surviving preterm infants are in the risk group for ROP (BW < 1,500 g

and/or GA at birth < 32 weeks), leading to a prediction of blindness caused by ROP in 500 to 1,500 patients per year in the country. 2222

PATHOGENESIS OF ROP

The pathogenesis of ROP is still not entirely clear. Since 1942, when the disease was identified, and for many years after that, it was
thought that the high levels of oxygen administered to premature infants would have a crucial role and be the only cause of ROP. In
prospective and controlled clinical studies, Patz et al, 24 clearly demonstrated the cause-and-effect relationship between oxygen therapy
in mechanical ventilation and the onset of ROP; however, the disease appeared even after careful control over the administration of
oxygen in hospital nurseries. The level of safety when using oxygen therapy in preterm infants has not been sufficiently demonstrated,
although it has been widely demonstrated that the continuous monitoring of oxygen reduces the incidence of ROP. These facts
characterize ROP as a multifactorial disease.

During the embryonic development of the eye, the vascularization of the nasal retina is completed around 32 weeks post-conception,
whereas that of the temporal retina is completed around 40 weeks post-conception or soon after full-term birth. Therefore, ROP can

occur as a result of an interruption in the process of natural retinal vascularization due to premature birth. 25

VEGF, IGF-I, AND DEVELOPMENT OF ROP

ROP is a vasoproliferative ocular disease secondary to inadequate retinal vascularization, which occurs in preterm infants whose
retinas are immature at birth. After a premature birth, the supplemental oxygen given to a newborn leads to a situation of hyperoxia,
triggering vasoconstriction, vascular obliteration, peripheral ischemia, and permanent interruption of retinal vascularization. Hyperoxia, if
maintained for a longer period, leads to the overproduction of the vascular endothelial growth factor (VEGF), which stimulates unwanted
neovascularization of the retina and the appearance of other ROP complications. 28

ROP is a two-stage disease and its onset is associated with VEGF, an oxygen-regulated factor, and with insulin-like growth factor-I
(IGF-I), which is not regulated by oxygen.2” In individuals who develop ROP, the growth of peripheral retinal vessels is either slowed down
or permanently interrupted after a preterm birth, leaving the peripheral retina avascular and hypoxic (stage 1 of ROP). The proliferative
phase of the disease (stage 2 of ROP) is a result of this ischemia. The full extent of the lack of retinal perfusion in the early phase of ROP
seems to determine the subsequent degree of neovascularization, that is, the severity of the disease that may lead to retinal detachment
and irreversible blindness. 222

VEGF is a powerful angiogenic factor required for normal blood vessel growth, but it is also associated with unwanted
neovascularization of the retina and iris. In a preterm birth, VEGF expression is reduced. It is believed that this phenomenon is due to
hyperoxia to which the newborn is subjected. As the retina matures and becomes hypoxic because of the interrupted vascular growth,
VEGF levels progressively increase, producing unwanted retinal neovascularization in some patients (stage 2 of ROP). However, VEGF
inhibition at this stage does not completely prevent the retinal neovascularization of ROP, indicating that this is a multifactorial disease. 2

In recent years, many studies have shown the relationship between IGF-I and the onset of ROP. This association was first
demonstrated when investigators found that this factor controlled maximal VEGF activation. Hellstrém et al. demonstrated that very low
levels of IGF-I prevented the in vitro activation of protein kinase B, critically involved in maintaining endothelial cell survival. These findings
explain how reduced IGF-I levels can cause disease and prevent the normal survival of endothelial cells.?” These observations were
confirmed in patients with ROP. Hellstrdm et al. reported that in preterm infants, serum levels of IGF-I immediately after birth were
significantly and proportionally lower in those who developed ROP compared with the levels in those who did not. 28 Villegas-Becerril et
al. found that in preterm infants with BW < 1,500 g and GA at birth < 32 weeks, the serum levels of IGF-I measured between the first 4—
6 weeks after birth were much lower in preterm infants with ROP compared with the levels in those without, and suggested that IGF-I is
an indicator of ROP. 2

IGF-I is required for the normal development of retinal vascularization. Low serum levels of IGF-I inhibit the natural vascularization of

the retina, whereas high serum IGF-I levels stimulate neovascularization (stage 2 of ROP). Low serum IGF-I levels in the first weeks after
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a preterm birth are thought to be associated with an increased chance of late ROP development. The period for which a preterm infant

has low serum IGF-I levels could be related to the severity of the disease. <>

RISK FACTORS FOR THE ONSET OF ROP

Not all preterm infants develop ROP. There are many factors that could trigger the onset of ROP and its serious complications. For
many years now, oxygen therapy is no longer considered the only or main risk factor (RF) for the onset of ROP. It is a multifactorial
disease, and the use of oxygen is just one of many factors involved in this onset. The influence of other factors, as a whole, has not been
clearly defined to date. 22

ROP more frequently affects the smallest and most clinically debilitated preterm infants, but it can also affect preterm infants with a
higher BW. It has not yet been sufficiently demonstrated whether the more severe forms of the disease are associated with the therapeutic
interventions required to maintain the life of preterm infants or with the severity of the comorbidities associated with prematurity. 2

Many RFs for the onset of ROP have been studied in the last 50 years, and different prenatal and postnatal causes have been
proposed to explain the onset of ROP in premature infants: bacterial or viral infection, either primary or transmitted by the mother to the
preterm infant; vitamin E, iron, or hormonal deficiencies; anoxia; anemia; and hypercapnia; 2 However, lower gestational age (general
immaturity), poor physical condition of the preterm infant, low BW and the extended use of oxygen therapy have been the most consistent
causes related to the onset of ROP. 3%

The prenatal use of steroids and beta-blockers by the infant’s mother; the infant’s exposure to intense light in hospital nurseries; the
use of corticosteroids, indomethacin, surfactants, and erythropoietin by the infant; twin pregnancy; the need for ductus arteriosus
treatment; the presence of intracranial hemorrhage; recurrent apnea; blood transfusions; immunosuppression; the concomitant presence
of infections; and the use of antibiotics have also been associated with the onset of ROP. %

The presence of intracranial hemorrhage (ICH) at any stage has been mentioned as a RF for ROP. In 1981, Procianoy et al. reported
a significant association between cicatricial ROP and the occurrence of ICH when studying 138 VLBW preterm infants. ¢ In 2002,
Christiansen reported a significant association between the ICH stage and ROP staging in a cohort of 60 VLBW preterm infants, wherein
17 patients developed ICH stages Ill and IV and 49 developed ICH stages O to Il. Sixty-four percent of premature infants who developed
advanced ICH stages presented stage 3 of ROP or worse. 3¢

Prenatal factors that could impact the overall health of patients and lead to the development of ROP have also been studied. They
include the use of corticosteroids or beta-blockers in the prepartum period and the maternal age at birth due to the growing incidence of
pregnancy among pre-adolescents, particularly in developing countries. 28 The occurrence of preeclampsia in mothers is reported to be
a protective factor for preterm infants in terms of the subsequent development of severe ROP. 20

Low weight gain (WG) after a preterm birth as a potential RF for the onset of ROP has been reported in the scientific literature only
more recently. The first study to correlate WG in the postnatal period with ROP in a series of patients was published by Wallace et al. in
2000. The authors retrospectively collected postnatal WG data as well as data on 11 other RFs and suggested that a WG below 50% in
relation to the BW in the first 6 weeks after birth is an important RF for ROP in its most severe forms (stages 3, 4, or 5). 4 Filho et al.
prospectively analyzed low WG in the period after birth and its importance as a predictive factor for ROP. The study, published in 2009,
demonstrated the possibility of predicting ROP through ROC curve analysis (in relation to WG sensitivity and specificity) when studying
WG progress after the preterm birth. This fact is very important and convenient in the routine of ophthalmologists.*! Several recent studies

have also indicated a possible genetic predisposition to ROP in preterm patients. 42

INTERNATIONAL CLASSIFICATION OF ROP

The International Classification of ROP was first developed in 1984 by a group known as the Committee for the Classification of
Retinopathy of Prematurity, and it was revised in 1987 and 2005. The International Classification places it as a retinal disease, affecting
three established retinal zones, and describes the disease extent according to the involved meridians, represented as clock hours (Figure

1). The changes resulting from ROP progress are classified into five stages as follows:
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ROP stages:
e Stage 1: Peripheral retinal ischemia with a demarcation line between the vascularized retina and the ischemic retina;
e Stage 2: Enlargement of the demarcation line and presence of a ridge over the peripheral region of the retina;
e Stage 3: Retinal or extraretinal fibrovascular proliferation in the ridge areas;
e Stage 4A: Extrafoveal retinal detachment;
e Stage 4B: Subtotal retinal detachment involving the fovea; and

e Stage 5: Total retinal detachment, complicated by the proliferation of fibrous or retrolental tissue

Map for the location of disease in retinal zones
The map created in 1984 (Figure 1) shows two concentric circles, with the optic papilla in the center. A third semilunar circle was

positioned in the temporal sector. These circles defined three different zones of the optic papilla and those of disease involvement:

e Zone | (posterior pole): defined as a circle with the optic nerve in its center and a radius twice the distance from the center of the
optic nerve to the center of the macula in all directions;

e Zone Il (equatorial zone): extending from the edge of Zone | to a circle with a radius equal to the distance from the optic nerve to
the nasal ora serrata; and

e Zone Il (peripheral temporal zone): the residual crescent area external to Zone Il in the temporal sector. This zone has late retinal

vascularization in preterm infants; therefore, it is the zone more frequently involved in ROP.

QD 12 +— — 12 OE
HORAS DO

RELOGIO

3

PAPILAS
- -

ORA SERRATA
B 5

Figure 1: Map for the location of disease in retinal zones.

Disease extent
It has been stated that the extent of the disease would be measured in clock hours. When looking at the map, the 3-h meridian is

located on the nasal side of the right eye and temporal side of the left eye.

Concept of plus disease
A premature infant presents ROP with plus disease when significant dilation and tortuosity of the venous or arterial retinal vessels are

identified on examination, from the periphery to the posterior pole (Figure 2). At that moment, discrete vitreous turbidity may occur as
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well as vascular changes in the iris and difficulty in achieving a good dilation of the pupils may be noted. The clinical importance of these
findings is that they indicate ROP progression, with an increased risk of vision loss in the affected infant. The occurrence of plus disease
is considered the most important and immediate indicator for the treatment of a patient with ROP, 434445

In 2005, new changes were made to the international classification, with the introduction of the concept of rush disease or aggressive
posterior ROP, especially observed among ELBW preterm infants. The changes also included the concept of an intermediate level of the
plus disease (pre-plus disease) as well as a method to easily estimate the extent of Zone | when performing binocular indirect

ophthalmoscopy with a 28-diopter lens. % The updated ROP classifications are shown in Table 1.

Table 1. ROP Classification (1984/1987/2005)

ROP 1 Identification of a white and flat line separating the vascular retina from

the avascular retina.

ROP 2 Widening of the demarcation line and presence of a ridge.

ROP 3 Presence of fibrovascular proliferation, from the ridge, emerging from

the plane of the retina. This stage was subdivided in 2005 as follows:

ROP 3 MILD
ROP 3 MODERATE
ROP 3 SEVERE, threshold disease (term in use since 1984)

ROP 4 Subtotal retinal detachment (RD).

ROP 4A: RD not affecting the macular region.
ROP 4B: RD affecting the macular region.

ROP 5 Total retinal detachment (in open or closed funnel configuration).

THRESHOLD DISEASE ROP 3 in Zone | or Il with at least 5 continuous hours of extension
(Traditional treatment indication after CRYO-ROP in | or 8 discontinuous hours in the presence of plus disease

1988 because if untreated, it can present (arteriolar and venous dilation).

unfavorable anatomical and functional results in

50% of the cases.)

PRETHRESHOLD TYPE 1 DISEASE Any ROP stage in Zone | with plus disease.
(Risk of unfavorable outcome greater than 15%;
treatment indication starting in 2003 after ET-ROP.) | ROP 3 in Zone |, without plus disease.

ROP 2 or 3 in Zone Il, with plus disease.
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PRETHRESHOLD TYPE 2 DISEASE
(Risk of unfavorable outcome of less than 15%; the | ROP 1 or 2 in Zone |, without plus disease.

most recent considerations among treatment

indications.) ROP 3 in Zone 2, without plus disease.
ROP RUSH DISEASE A very severe and rapidly progressing form of the disease that does
Introduced in the 2005 ROP classification. not present a pattern of evolution based on stages.

Figure 2: Examples of patients with plus disease. Note the important tortuosity of the retinal vessels,

both in the posterior pole and the equatorial and peripheral retina (Zones |, Il, and Ill).

2A: Standard image of plus disease
2B: Image of plus disease obtained using RetCam®
(Clarity Medical Systems, Pleasanton, CA, USA)

2C, 2D, 2E, 2F: Images of plus disease obtained with BIO ODN 4.4, from Eyetec®

(Eyetec Equipamentos Oftalmicos Ind. e Com. Ltda., Sao Carlos, State of Sdo Paulo, Brazil)

ROP DIAGNOSIS IN SCREENING EXAMS
Ophthalmologic screening programs for the detection of ROP, with eye exams performed systematically at NICUs in premature infants
born with a risk for ROP comprise the best method to diagnose the disease for ensuring a proper treatment before the natural progression

to its later stages. The inclusion criteria in the risk groups vary with the country and are based on BW and GA. 48
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In Brazil, since 2007, the Screening Guidelines for ROP Detection and Treatment have defined that screening for early detection of
ROP should be performed on all preterm infants with BW < 1,500 g and/or GA at birth < 32 weeks. The first eye examination would be
performed between 4 and 6 weeks after birth using binocular indirect ophthalmoscopy (BIO) and dilated pupils. The screening could also
include all infants with higher BW or higher GA who presented any chance of developing the disease due to their clinical conditions, as

requested by the neonatologist in charge. &

Clinical examination

Eye examination of all patients should always be performed using BIO after dilation of the pupils, with eye drops containing tropicamide
0.5% and phenylephrine 2.5%, instilled 3 times, at 5-min intervals before the examination. Also, 20-, 28-, or 30-diopter lenses can be
used. Blepharostats for newborns, especially the Alfonso Eye Speculum (Storz®, USA), and scleral indentation may be used for easy
observation of abnormalities in Zone Ill. Topical anesthesia of the ocular surface with one drop of proxymetacaine hydrochloride 0.5% is
advisable.

The Brazilian guidelines indicate that eye exams should begin between 4 and 6 weeks after birth and be repeated according to the
findings of the first examination as follows: mature retina (complete vascularization): 6-month follow-up; immature retina (non-complete
vascularization) or presence of prethreshold ROP: evaluation every 2 weeks; regression of retinopathy: evaluation every 2 weeks;
immature retina in Zone I: weekly exams; Type 2 prethreshold ROP: exams every 3 to 7 days; and Type 1 prethreshold ROP (Zone |, any
stage with plus disease; Zone |, stage 3; and Zone II, stage 2 or 3 with plus disease) and threshold ROP: treatment within 72 h of
diagnosis. Finally, the guidelines recommend the interruption of exams only after retinal vascularization is complete or the patient presents

the corrected GA after 45 weeks, with the absence of prethreshold ROP, or when ROP occurs in a completely regressed form. 18

Complementary examinations that can be useful

In most cases, the diagnosis of ROP is almost entirely based on the identification of the disease through an examination of the infant
in the NICU using BIO, a technique that requires much training of the examiner for it to be used on preterm infants. Recently, other
methods have been used to complement or facilitate the screening for the disease, including fluorescein angiography, ultrasonography,
optical coherence tomography, measurement of the velocity of blood flow in the central artery of the retina through Doppler, and the

documentation of the eye examination through RetCam, mobile phones with a camera, and the use of telemedicine.

Fluorescein angiography

It is still a semiological method of very inconvenient use in premature infants, unless it can be performed with RetCam 120 (Massie
Research Laboratories, Dublin, CA, USA), which has been especially developed for pediatric ophthalmology. This equipment allows a
great view of the fundus in high-angle fields that reach the full 360° of the retinal periphery. Thus, the ischemic and neovascular
phenomena that occur in ROP can be fully documented, making it a valuable device to fight blindness caused by ROP. RetCam is a
versatile computerized device that is being used worldwide in ROP-related telemedicine programs. RetCam can accept the excitation
and block filters required for fluorescein angiography. The 20% fluorescein sodium dye can be injected intravenously at a dose of 0.04
ml/kg of body weight (8 mg/kg), followed by an amount of physiological saline solution, to ensure a suitable amount in the infant’s blood
stream. Complications that may occur in fluorescein angiography with adults may also occur with preterm infants, and all emergency
care needs to be available before this exam is performed in this group of patients. However, studies have already reported that the use
of fluorescein angiography is a safe procedure in preterm infants. 4748

The major advantage of fluorescein angiography is that it provides an easier view of the peripheral vascularization of the retina that
may not be clearly identified in the examinations using BIO or RetCam without an intravenous dye. Angiography may be useful to ensure
a more precise identification of the posterior pole and macular region in patients with severe ROP in Zone | and to define the total extent
of the laser required for a proper treatment, especially with ROP in Zone | or II. It is also useful in the identification of areas without proper
photocoagulation in those patients whose plus disease persists for more than 20 days after the initial laser treatment. The persistence of

plus disease after this period would be an indication for the requirement of a complementary laser treatment.
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Ultrasonography

Ultrasonography, with 10 or 20 MHz probes, has been routinely used for many years in patients with ROP in stages 4 and 5, especially
when planning retinal detachment repair surgeries. Through ultrasonography, the conditions of adherence of the detached retinal leaflets
in the form of an open or closed funnel can be observed both anteriorly and posteriorly. Vitreous traction and opacification, increased
choroidal thickness, and reduction of the anteroposterior length of the eyeball can be very well identified by ultrasound, allowing a
prognosis of retina re-application after surgical procedures.

It should be noted that the axial length of the eyeballs of infants who present late-stage ROP in week 39 or 40 post-conception is 16
to 17 mm on average, and ultrasound probes reach a focal plane on the retina of an eye whose axial length is 24-30 mm. This leads to
a reduction in the ultrasound resolution in retinal or pre-retinal structures in preterm patients. For this reason, many researchers
recommend that ultrasound should be used in premature infants only with a liquid chamber interposed between the transducer tip and
the cornea so that the plane of the retina remains within the probe’s field of higher resolution, around 24-30 mm. This liquid chamber

could be built using one finger of a surgical glove filled with distilled water. 59.51.52

Doppler imaging of the ophthalmic artery
The measurement of the velocity of blood flow in the ophthalmic artery through Doppler imaging has been tested in several studies
aiming to determine the normal parameters of premature patients with or without ROP.5254.55.56 |t s @ method that requires costly systemic
ultrasound equipment but is available in many level-3 hospitals. It also requires specific technical knowledge and skills from the examiner
for a proper identification of the ophthalmic artery in very young patients.
In our NICU at the Porto Alegre Clinics Hospital, we used LOGIC 5 (GE Healthcare, Little Chalfont, Buckinghamshire, UK) with
a 7.5 MHz probe as a transducer in a study that analyzed 85 premature patients with BW < and/or GA < 32 weeks and performed weekly
measurements from the first week after birth until discharge from the NICU for the longitudinal determination of blood flow values in the
ophthalmic artery of VLBW preterm infants who did not develop ROP. We found the systolic velocity to vary significantly from 17.85 +
5.30 cm/s on the first examination (1 week after birth) to 23.51 + 5.63 cm/s at hospital discharge. Diastolic velocity also varied significantly,
from 6.17 £ 1.13 cm/s to 6.94 + 1.53 cm/s during the weeks following the preterm birth. With these values of normality, determined
longitudinally in VLBW preterm infants, it would be necessary to establish values of blood flow velocity in the central artery of the retina in
VLBW preterm infants who developed stage 3 of ROP, threshold ROP, or Type 1 prethreshold ROP, to know if Doppler imaging would

be able to predict the need for further treatment for severe ROP in these patients. %2

Optical coherence tomography (OCT)

Optical coherence tomography (OCT) is an important investigational method recently introduced in ophthalmology. It offers much
information, particularly about the macular and papillary regions. It allows the retina and macular region to be studied in cross sections
from the vitreoretinal interface, internal limiting membrane and other retinal layers, Bruch’s membrane complex/pigment epithelium, and
choriocapillaris.

In patients with ROP, stage 2 or 3, OCT enables a very detailed examination of the anatomical conditions of the macular region,
checking for the presence of vitreoretinal traction and intraretinal edema, and allowing a prognosis regarding the future vision ability of
patients treated by laser.

Preserved macular and foveal anatomy has been reported in no more than 25% of patients affected by ROP, stage 2 or 3. In patients
with ROP in later stages, ROP 4A or B, and in patients with ROP 5 who require surgical treatment, OCT shows important anatomical
alterations and allows preoperative strategies to be defined, aiming to find the best surgical option on a case-by-case basis. OCT always

allows a prognosis of visual recovery after the procedures. 575
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DIFFERENTIAL DIAGNOSIS

The main congenital vitreoretinal diseases to be considered in the differential diagnosis of ROP are the Norrie disease of sex-linked
recessive inheritance and the familial exudative vitreoretinopathy of autosomal dominant inheritance. Both are retinal development
disorders and may show fundus aspects that are very similar to the later stages of ROP. The major clue pertaining to the differential
diagnosis between ROP and these entities is that they usually occur in full-term children. %9

The main acquired disease to be considered in the differential diagnosis of cicatricial or regressive ROP is ocular toxocariasis with
vitreoretinal disorganization, especially when the formation of vitreous lumens and peripheral granulomas occurs. ELISA test for

toxicocariasis is used for this differential diagnosis.

ROP TREATMENT

Cryotherapy of the peripheral avascular retina became the standard treatment for threshold ROP in 1988 based on the results of the
Multicenter Trial of Cryotherapy for Retinopathy of Prematurity, which confirmed that this treatment prevented ROP progression in a
significant number of patients. £ In recent times, cryotherapy has been set aside due to the selection of laser applied using BIO as the
method of choice for the treatment of ROP. The results of the transpupillary photocoagulation treatment, with argon and diode lasers,
are good, and the natural progression of ROP can be stopped in most patients treated with this technique. The treatment of ROP by
transpupillary photocoagulation using laser has to be performed around 37 weeks post-conception (post-conception age = gestational
age + weeks after birth), when ROP reaches the most dangerous stage of its progression (threshold ROP) or 36 weeks post-conception,
when Type 1 prethreshold ROP occurs. Treatments performed after these post-conception ages usually have a worse prognosis for
visual quality maintenance in the affected patient. &

Laser photocoagulation can be performed in the surgical center under general anesthesia and in the NICU with sedation controlled
by the neonatologist. Laser impact should be directed to the peripheral ischemic retina outside the demarcation ridge between the
vascularized retina and the avascular retina, and it should be applied confluently, that is, laser impact marks should be very close to one
another to ensure that all ischemic areas are covered by the laser beams (Figure 3). The intensity of the laser burn should be sufficient to
produce a whitish injury on the avascular retina. If the plus disease persists for more than 14-21 days after the treatment, a second
treatment with laser should be taken into account, which occurs in 10% to 15% of the cases and requires training and experience of the
ophthalmologist in charge of this treatment in premature infants with important clinical instability.

Figure 3: Images of the laser impact applied confluently on the peripheral avascular retina

3A: Image of laser treatment with RetCam® (Clarity Medical Systems, Pleasanton, CA, USA)
3B and 3C: Image of laser treatment with BIO ODN 4.4 by Eyetec®
(Eyetec Equipamentos Oftalmicos Ind. e Com. Ltda., Sdo Carlos, State of Sao Paulo, Brazil)

In an attempt to improve the visual outcomes and using an approach that is more focused on the disease pathophysiology, many
authors since 2009 have used anti-VEGF medication for the treatment of severe ROP. After many reports of cases were published with
encouraging results obtained using bevacizumab (Avastin) for ROP treatment, the BEAT-ROP study in 2011 demonstrated a better
efficacy of bevacizumab in multicenter prospective randomized studies for the treatment of ROP in stage 3 with plus disease in Zone |

when compared to laser photocoagulation.®? Since then, many studies have been published demonstrating successful outcomes of both
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bevacizumab and ranibizumab in the treatment of severe ROP, both as an initial treatment of ROP and as a complementary treatment
after initial photocoagulation in patients with severe ROP in Zone | as well as in patients with severe ROP in posterior Zone Il. Of note, the
ideal time to perform anti-VEGF intravitreal injection treatment should be at 35 or 36 weeks post-conception, when the largest amount
of VEGF is released into the peripheral retina, that is, a little before the time considered ideal for laser treatment. Anti-VEGF treatments
performed after 35 or 36 weeks post-conception can cause devastating consequences to the retina, especially if fibrotic tissue is already

identified on fundus examination, 63646566

PROGNOSIS AFTER ROP TREATMENT

ROP usually regresses in most patients who develop only stage 1 or 2 because peripheral vascularization may be completed in the
weeks following the preterm birth, leaving few residual anatomical and functional changes, which do not require any specific treatment.
Such patients only need follow-up during the first years of life to prevent amblyopia and strabismus and to correct refraction errors, the
incidence of which seems to be higher in preterm infants when compared to that in full-term infants. &7

When ROP reaches stage 3 and threshold disease or stage 2 or 3 and Type 1 prethreshold disease, the infant needs treatment
because 50% of patients with threshold disease and more than 15% of patients with Type 1 prethreshold disease will present unfavorable
anatomical and functional outcomes if no adequate treatment is provided. &

The prognosis of treatment by diode laser photocoagulation in patients with threshold disease is good, and it is possible to avoid
visual loss in about 70%—-80% of the patients today.®27° However, the involvement of the macular region may result in a final visual acuity
much below the expected result. Many of the treated children show later visual acuity that is not very satisfactory due to residual
anatomical changes that may be located in the macular region or due to the occurrence of strabismus, amblyopia, or high refraction
errors.

Eyes progressing to ROP 4A or B and ROP 5 stages requiring surgical treatment show much worse anatomical and functional
prognosis even after retinopexy with scleral introflection or after vitrectomy through the pars plicata site, with or without lens preservation.

If preterm infants with a potential risk of developing severe ROP are identified early, they can receive more careful and personalized
perinatal care focused on various risk factors. That would help planning the choice of the best time for the ophthalmologic treatment
because the most debilitated children and those with worse postnatal prognosis are the ones at the greatest risk of ROP. More adequate
perinatal management of premature patients at the risk of developing advanced ROP could lead to an efficient prevention of more severe

forms of the disease, leading to a reduced incidence of childhood blindness.
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