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Foreword
The number of published scientific articles increases dramatically year by year.
More than one million papers are published annually in more than 15,000 specialty journals presenting new information on technological and biomedical advances related to medicine.
Regarding retinal diseases in the pediatric age, the delicate mechanisms of cellular biology and molecular engineering have been discovered and described
that are capable of creating, maintaining and regulating neuronal, glial and vascular cells. From these myriad findings, it is possible to extract the rational explanation of the function and development of the retina and the molecular pathophysiology of vitreoretinal diseases.
Currently, there are technological advances in the field of ocular biometry, information management and retinal imaging that allow information to be obtained
safely and reliably. In the same way, we have micro-mechanical instrumentation,
computerized laser systems, and highly accurate molecular agents. Together,
biology and technology have modified at a rapid pace the clinical evaluation of
the retina and the capacity for therapeutic intervention.
The book Retinopathy of Prematurity edited by the Mexican group of retinopathy
of prematurity led by Dr. Luis Porfirio Orozco, and the most outstanding clinicians and researchers in the area of pediatric retina provide us with 17 chapters
with the most relevant findings in the area. It comprehensively covers the public
health area and reviews fundamental pathophysiological aspects in the development of the disease, giving emphasis to the development of the diagnostic
and therapeutic approach of one of the most important vascular retinal disorders
today.
There is no doubt that this volume is of necessary reference for all those who are
facing this potentially devastating disorder in the patients’ vision and its repercussions in the social environment.

Dr. Humberto Ruíz Orozco

President of the Mexican Society of Ophthalmology
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definition
and national
reality
Dr. Marco Antonio
de la Fuente Torres

CHAPTER 1
DEFINITION AND NATIONAL REALITY
DR. MARCO ANTONIO DE LA FUENTE TORRES

 1.1 . DEFINITION

Retinopathy of prematurity (ROP) is a disease that affects vascularization of the
postnatal immature retina in the eyes of premature infants. It can be mild, with no
visual sequels, or serious and cause tractional retinal detachment and produce
important visual sequels even leading to bilateral blindness. At present, with the
birth of premature infants with lower weight and the increase in their survival as a
result of the technological and medical advances in neonatology, the incidence
of disability and associated defects has increased, mainly at the pulmonary,
neurological and ophthalmologic levels. At the ocular level, the associated defects that might occur in premature children are: ROP, strabismus, optic atrophy, refractive defects, among others. Retinopathy of prematurity is one of the
few causes of childhood blindness. Its timely detection and treatment, however,
can prevent severe visual impairment and even blindness1.

 1.2 . HISTORY

ROP was first reported in 1942 by Terry2 who published a description of the
histological findings of what is now considered the terminal scarring disease
called “retrolental fibroplasia” at that time. Retrospective studies showed that
this clinical condition was very rare before the 40’s. Owens and Owens showed
the development of ROP after birth in infants who had a normal ocular fundus at
birth3. ROP subsequently became the leading cause of blindness in children in
the United States and a similar ROP epidemic was observed in some European
countries during the 1940s and 1950s. Campbell suggested that the occurrence
of this condition could be associated with the introduction of oxygen therapy in
the units of premature infants4 and later, clinical and experimental studies supported the idea of a toxic effect of oxygen on the vasculature of the immature
retina5-7. This led to the restriction of oxygen use in premature infants and it dramatically reduced the incidence of ROP. However, this does not eliminate the
condition completely and it is now clear that although oxygen remains the main
cause, many other factors play a role in the pathogenesis of the disease8-11.
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 1.3 . ROP WORLDWIDE

The proportion of blindness as a result of ROP varies widely among countries,
being influenced both by levels of neonatal care (in terms of availability, access
and outcomes of neonatal treatment) and the availability of effective screening
and treatment programs. This raises important lines of action and strategies to
reduce the incidence of blindness due to ROP, which should include ensuring
that all children at risk are examined in time.

In highly developed countries the population of premature infants who are currently at risk for advanced stages of ROP requiring treatment are extremely premature children, with a weight almost always less than 1000 g12,13 at birth. However, this has not always been the case: during the first ROP epidemic, between
the 1940s and 1950s larger and more mature babies were those with “retrolental fibroplasia”. At that time, the mean birth weight of affected children in the UK
was 1370 g (range: 936-1843 g) and in the United States it was 1354 g (range:
770-3421 g)14. It should be mentioned that in those years, smaller babies did
not survive. In highly developed countries, the population of children who are at
risk for developing ROP blindness has changed over time. These changes can
be attributed to a better understanding of the risk factors and pathogenesis of
ROP, leading to improvements in neonatal care. A more conservative use of oxygen, the careful monitoring of oxygen levels in the blood and the more aggressive management of general systemic instability are responsible for the lower
risk of ROP in more mature children (second epidemic). In many countries of
Latin America and the former socialist economies of Eastern Europe, ROP is
becoming one of the leading causes of childhood blindness. This has been
referred to as the “third epidemic.” In fact, two-thirds of the 50,000 children with
ROP blindness worldwide are believed to live in Latin America15,16. There are
several possible reasons for this third epidemic: first, birth rates and premature
birth rates are getting higher17,18; second, neonatal care of the premature infant
may be compromised by the scarcity or lack of resources, leading to higher
rates of severe ROP not only in extremely premature infants, but also in some
larger and more mature infants, a third cause is the lack of awareness, qualified
personnel and financial constraints, meaning that there are no ROP screening
and treatment programs in all neonatal units in many cities of developing countries.

 1.4 . ROP IN MEXICO

In Mexico, there are still major challenges at the national level, although some
screening and treatment programs for ROP were started since the mid-1980s,
mainly in the cities of Guadalajara, Mexico City and Monterrey, and that since
2000, WHO initiated the Vision 2020 program, to which our country formally
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joined in 2005, whose general objective is to achieve a 50% reduction of preventable blindness cases by 2020, including those caused by ROP.
Since 2000, greater efforts have been made to raise awareness about ROP.
Since that year, when the first national work summit on ROP took place, and
many others thereafter that have had the support and intervention of several
public, social and private groups such as the Mexican Society of Ophthalmology, the Retina Mexican Association, several NGOs such as CBM (Christoffel-Blindenmission) and the National Network for the Prevention of Disability
(RENAPRED), among others; companies of the pharmaceutical industry such
as: Laboratorios Grin, Laboratorios Allergan, among others; the Ministry of
Health via the National Center of Gender Equality and Reproductive Health, the
Ibero-American Neonatology Society (SIBEN), and the International Agency for
the Prevention of Blindness (IAPB); pediatric medical associations such as: the
Mexican Association of Pediatrics, Mexican National Federation of Neonatology
and nursing associations such as the Mexican Association of Neonatal Nurses,
more screening and treatment programs for ROP have been created in our
country. Yet, regardless of the importance of this achievement, much remains
to be done.
In 2005, Grupo ROP México was constituted with the valuable intervention of
several specialists: general ophthalmologists, pediatric ophthalmologists, retinologists, pediatricians, neonatologists and neonatal nurses, among others,
and with the support of the pharmaceutical industry, NGOs and government
agencies. Different talks were given on the subject in several locations, such as:
state hospitals with neonatal units, medical congresses of pediatrics, ophthalmology, neonatology and nursing, both nationally and internationally, with over
50 such interventions in 5 years. Attempts were also made to include the topic
of ROP in general medicine curricula and in the different medical specialties
involved in the management of ROP, and to inform of this disease to parents
of premature infants. Leaflets and information posters on the subject were also
distributed in obstetrical hospitals and neonatal units.
Grupo ROP México decided to convene annual meetings to gather information
on ROP in Mexico and thanks to this information, it has been possible to have a
small sample on the subject and understand the importance and relevance as
a public health problem in our country.
In 2004, a survey was conducted in schools for visually impaired and blind people in three states of the country to identify the primary cause of their disability.
In Michoacán, it was found that of the two schools of this type in the state, ROP
accounted for 40 and 60%, respectively, of the causes of blindness. In the state
of Morelos, it was found that ROP and tapetoretinal degenerations were the
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most frequent causes of blindness in one center, with each of these two groups
of pathologies accounting for 14% of the school population with blindness. In
Mexico City, the rehabilitation center for the blind and visually impaired (CRECIDEVI) of the Ophthalmology Institute Conde de la Valenciana found that 30%
of cases of blindness in children under 18 years of age were due to prematurity.
That same year, 2004, a nationwide survey on ROP screening and treatment
programs was conducted with the participation of 10 states of Mexico and a
total of 122 neonatal units, both public and private, with the following results. Of
the 122 neonatal units, only 26 of them performed some type of ROP screening and/or treatment, i.e. only 21% of the units. The type of treatment used for
severe cases of ROP was: cryotherapy 33% and laser in 67%, and only two
centers performed intraocular surgery for stage IV or V. There were favorable
results regardless of the type of treatment used in 82% of cases.
In order to have a more current picture on ROP management in our country,
Grupo ROP México conducted a new survey in July 2011. It obtained information from 14 states in Mexico with a total of 79 public neonatal units exclusively.
In 42 units (53%) ROP screening programs were conducted, and 35 units of
the total (44%) provided a ROP treatment. The type of treatment used for ROP
was: laser in 20%, combined laser treatment plus some antiangiogenic therapy
(ranibizumab and/or bevacizumab) in 60% and the use of an antiangiogenic
therapy as a single treatment in 20% of the units. This accounts for the increase
of ROP programs in our country and the change that has been made in a few
years in the management of ROP, which implies medical, legal and ethical considerations and the imperative need for research in this area. (Table 1.1).
2004 (n=122)
21%

2011 (n=79)
53%

a) Cryotherapy

33%

0%

c) Laser and an antiangiogenic therapy

0%

*Neonatal units with an ROP program
*Type of treatment
b) Laser

67%

d) An antiangiogenic therapy only

0%

Table 1.1. Neonatal units with ROP programs and type of treatment employed
(Source: surveys of Grupo ROP Mexico 2004 and 2011)
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20%

60%

20%

Regarding the presentation of ROP in neonatal units in our country, I can mention that in the General Hospital Dr. Manuel Gea González of Mexico City, within
the period from 2000 to 2006, an incidence of 13% of serious cases that required treatment was found, using the following screening criteria: less than
32 SDGC and/or lower, 1500 g birth weight. At the Agustín O’Horan General
Hospital in Mérida, Yucatán, in 2010, an incidence of 8% of cases that required
treatment for serious ROP was found. In our country, according to the NEOSANO program, conducted in multiple centers and with the leadership of the
Children’s Hospital of Mexico Federico Gómez of the Ministry of Health, we
know that in 2009, in the more than 50,000 births of different neonatal units in
the country, 1.01% of births in our country were less than 1500 g. in weight and
had a general survival rate of 62.4%. (Table 1.2).
Weight (g)
<1000

n (%)

233 (0.4)

Alive n (%)

Dead n (%)

1000-1499

518 (1.01)

323 (62.4)

195 (37.6)

1500-2499

5659 (11.04)

5443 (96.2)

216 (3.8)

>2500

44804 (87.48)

44660 (99.7)

144 (0.3)

51214

50521 (98.6)

693 (1.4)

Total

95 (40.8)

138 (59.2)

Gestational age
(weeks)
<28

n (%)

Alive n (%)

Dead n (%)

196 (0.48)

83 (42.4)

113 (57.6)

29-32

616 (1.15)

585 (78.7)

131 (21.3)

33-36

3819 (9.4)

3736 (97.8)

83 (2.2)

35996 (88.6)

35900 (99.7)

96 (0.3)

>37

Total
40627
40200 (99)
427 (1)
TABLE 1.2. NEOSANO Program 2009. (Courtesy Dr. Mónica Villa Guillén, Children’s
Hospital Federico Gómez, SSA).

There is a relationship between the Infant Mortality Rate (IMR) at the 1st year of
life and the risk of having ROP. In countries with an IMR of less than 10/1,000
live births, the risk of having ROP blindness is moderate, because these countries have excellent neonatal outcomes and blindness due to ROP generally occurs in extremely low birth weight premature infants (less than 1,000 g at birth).
This occurs in highly developed countries. In countries where there is an IMR
greater than 70/1,000 live births, the risk of blindness due to ROP is very low because most premature infants do not survive due to deficiencies or nonexistent
neonatal care. This is common in African and some Asian countries.
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In countries with a IMR of 10 to 70 per 1,000 live births, occurring in developing countries such as Mexico, where there is an IMR of 16 per 1,000 live births
(NEOSANO, 2009), the risk of blindness due to ROP is very high because of the
regular neonatal outcomes. It should be clarified that in our country, neonatal
outcomes are very variable even within the same social security systems, depending on the management given in each unit. (Table 1.3).
Infant Mortality
Rate (IMR)
<10/1,000

Level of risk of
blindness by ROP
MODERATE

10 - 70/1,000

HIGH

>70/1,000

LOW

Cause
Excellent neonatal outcomes
Regular neonatal outcomes
Poor neonatal outcomes

Table 1.3. Ratio between Infant Mortality Rate (IMR) and blindness due to ROP
(IMR at the first year of life in Mexico 16/1,000 live births, source NEOSANO 2009)

In our country, we have registered 2,628,885 births in 2010, of which, based
on information from the NEOSANO program, we can infer that if the 1.01% corresponds to children under 1,500 g of birth weight and assuming that 70% of
the population has access to neonatal care units and that we have an average
survival rate in this group of premature infants of about 60%, we have more than
11,000 premature infants per year requiring timely ROP screening. If we consider that on average 10% of these premature infants will develop severe stages
of ROP, and if not diagnosed and treated promptly, 50% of this will be left with
bilateral blindness, this gives a figure of more than 500 new blind people each
year, imposing a great family, social and economic burden, to mention just
some of the main factors altered by this disease. (Table 1.4).
Population of Mexico in 2010

112,336,538

Premature infants with less than 1500 g at birth (1.01%)

26,551

Estimated access to UCIN (70%)

18,586

Overall survival in UCIN (60%)

11,151

Severe cases of ROP (approx. 10%)

1,115

Estimated new annual cases of blindness if no timely diag-

556

2,628,885

Annual births

nosis or treatment is received (50%)
Table 1.4. ROP in Mexico (source INEGI 2010).
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 1.5. ROP LEGAL FRAMEWORK IN MEXICO

On March 4, 2004, the creation of the National Council for the Prevention and
Treatment of Visual Illnesses was published in the Official Journal of the Federation. This was to become an advisory body and permanent entity for the coordination and arrangement of actions in the public, social, and private spheres for
the investigation, prevention, diagnosis and comprehensive treatment of visual
diseases detected in the population of the Mexican Republic.
In 2005, a group of ophthalmologists and neonatologists, and neonatology nurses participated in the creation of the “Guidelines for the examination, detection
and treatment of retinopathy of prematurity in Latin American countries”, which
were distributed in Latin America and in our country. It was the first instrument
to massively inform about the subject of ROP.
When our country joined, through the Federal Health Ministry to the WHO program, Vision 2020, in 2005, the National Center for Gender Equity and Reproductive Health of the Ministry of Health conducted meetings of about 100 participants, including ophthalmologists, retinologists, pediatricians, neonatologists,
neonatology nurses, representatives of the vast majority of the states in our
country. In October 2007, the Technical Guidelines for the Management of Retinopathy of the Premature Newborn (ISBN 978-970-721-441-5) was published.
These are distributed through the Ministry of Health to all hospitals of the health
system in our country and highlight the need to initiate screening and treatment
programs of ROP in hospitals where care is given to premature infants. This
Technical Guidelines had a second reprint in October 2008. Even though these
technical guidelines issued by the Federal Ministry of Health are not compulsory, they are recommendations made to the entire national health system (SSA,
IMSS, ISSSTE, PEMEX, SEDENA, etc.). This is a good step forward, since there
are few diseases, where, due to their importance as public health problems,
multidisciplinary working groups are convened to issue guidelines.
During 2011 and due to the relevance of ROP, the Ministry of Health, through
the National Center for Gender Equity and Reproductive Health, incorporated
the topic of diagnosis and treatment of ROP among the amendments made to
the Mexican Official Standard 034 on the Prevention and Control of Birth Defects. This NOM 034, and its corresponding amendments, is expected to be
submitted to the legislature in 2012 for discussion and, if applicable, approval.
This wsll represent a radical change in the management of ROP in Mexico, as
ROP, in the medical field, whether public or private, will be managed compulsorily, with the corresponding medical-legal implications for the benefit of Mexican premature children.
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There is no doubt that in the last decade much progress has been made in
our country on the subject of ROP. However, there are still great windows of
opportunity to avoid new cases of blindness caused by this preventable and
treatable disease. Reducing this health problem in our country will depend on
the decisive commitment of all members of the health system involved in the
management of premature infants.
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CHAPTER 2
PATHOPHYSIOLOGY
DR. CECILIA CASTILLO ORTIZ

 2.1. INTRODUCTION

Today we know that the pathogenesis of retinopathy of prematurity (ROP) is due
to a premature birth that interrupts the process of normal vascularization. It is a
vasoproliferative retinopathy of multifactorial origin produced by the existence
of an immature retina only partially vascularized at the moment of a premature
birth.

 2.2 . NORMAL VASCULAR DEVELOPMENT

To understand the pathogenesis of retinopathy of prematurity, it is important to
first understand the process by which the retinal vasculature develops under
normal conditions.
Until the four gestational month, the retina remains avascular, since the hyaloid
vasculature provides nutrients to the developing retina. In the fourth month, the
primitive mesenchymal vascular cells near the hyaloid artery invade the layer
of nerve fibers, at gestational week 14, the first retinal vessels appear as solid
endothelial cords from the optic nerve head to form a primitive arterial central
system. Between weeks 16 and 18, these vessels begin to develop a lumen.
They extend from the optic disc and continue to migrate until they reach the ora
serrata at 36 weeks’ gestation and the temporal ora serrata between weeks 39
and 42. This is up to two weeks after birth. (Figure 2.1). Pericytes are not present
at this time, but appear until two months after birth. The vasculature of the retina
reaches the adult pattern until the fifth month of life.
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Figure 2.1. Diagratm of the vascular development of the
retina. Vascularization starts from the optic nerve at 16
weeks of gestation and extends to the periphery until
reaching the ora serrata at week 36 and at the temporal
ora serrata at week 42

Vascular development consists of vessel formation, either by vasculogenesis,
angiogenesis, vascular remodeling or vessel maturation. Vasculogenesis is the
novo vascular formation by differentiation of endothelial precursor cells that give
rise to primitive vessels and is responsible for the formation of large vessels and
vessels of organs deriving from the endoderm. Angiogenesis is the formation of
vessels through offshoots of preexisting vessels and plays an important role in
the vascularization of the central nervous system and the kidney. Retinal vascular development mediated by angiogenesis is responsible for the peripheral
parts of the internal capillary retinal vasculature and of all the elements of the
external retinal vasculature and the perifoveal vessels. Angiogenesis is mediated by relative tissue hypoxia. Hypoxia-induced factor-1 (HIF) is a nuclear protein that acts as a transcription factor for the vascular endothelial growth factor
(VEGF). HIF is rapidly degraded under normal tissue conditions. However, its
degradation is prolonged under hypoxia conditions leading to an increase in its
concentration. VEGF is primarily secreted by astrocytes and Müller cells. Retinal astrocytes are closely associated with developing endothelial cells. VEGF
stimulates endothelial cell proliferation. Any postnatal factor that reduce HIF
levels, such as the relative hyperoxia produced by oxygen therapy will lead to
angiogenesis-mediated reduction and delay of retinal vascular growth.
The vascular development of the retina has been studied in several species.
There are initially fusiform cells that migrate apparently ahead of the developing
internal vasculature. They later join to form solid vascular cords which in turn
give rise to a complete vascular network suggesting that vasculogenesis contributes to the formation of the great internal vascular plexus. This formation of
retinal vessels is promoted by increased metabolic demand of neurons resulting
in local hypoxia or physiological hypoxia and this effect is mediated by VEGF,
a potent protein induced by hypoxia. Vasculogenesis provides a mechanism
for the rapid formation of a rudimentary vascular plexus in regions previously
invaded by vascular precursor cells. This plexus expands by angiogenesis to
meet the growing metabolic needs of the developing retina.
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The mechanism of retinal vascularization is similar to the vascularization of
the brain during development. The primordial vascular bed at the surface of
the neuroepithelium is derived from migratory vascular precursor cells and is
formed, at least in part, by vasculogenesis. New segments of vessels sprout
from preexisting vessels and grow tangentially by angiogenesis in the neuroepithelium. These similarities are not unexpected since the retina is an extension
of the central nervous system during embryonic development.
Until recently it was considered that the physiological hypoxia resulting from
the increasing metabolic demand of maturing neurons is the main stimulus for
retinal vascularization. Evidence suggests that vessel formation is secondary to
the response of physiological hypoxia mediated by VEGF expressed by neuroglia: the expression of VEGF is spatially and temporally correlated with ocular
neovascularization and is strongly associated with vascular formation during
retinal development and is inhibited by hyperoxia. However, recent studies refine this hypothesis and it is now accepted that not all of the vascularization process is mediated by hypoxia-induced VEGF but that only those vessels formed
by angiogenesis (not those by vasculogenesis) are mediated in this way.
Angiogenesis is the only means of vessel formation in the regions of the papillomacular bundle and the perifoveal belt which are areas of high metabolic
activity since they have a high density of ganglion cells. Angiogenesis is also
responsible for the propagation of the peripheral vasculature after the 21 weeks
of gestation and follows the gradient from the center to the periphery of maturity
of ganglion cells. Endothelial vascular growth factor is expressed at these two
moments of angiogenesis.
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 2.3 . PATHOGENESIS

Retinopathy of prematurity and other ocular diseases that occur with pathological neovascularization have two phases. The first phase consists of cessation
of vascular growth and loss of vessels. In ROP, this phase begins at the time of
premature birth and is associated with the loss of factors normally provided by
the mother in the uterus. Phase I is also triggered by the occurrence of factors
in the extrauterine environment, mainly oxygen that is above the intrauterine
levels. The normal range of arterial oxygen saturation in the fetus is between
30-70%. Increased oxygen concentration, even in ambient air, leads to arrest
of normal growth of retinal vessels and vaso-obliteration, making the peripheral
retina avascular. This relative hyperoxia is exacerbated by the supplemental
oxygen that leads the premature newborn to have oxygen saturations above
90%.
In phase I, oxygen-regulated growth factors are suppressed by abnormally high
oxygen levels, and other factors are absent because they are normally provided by the mother in the third trimester of pregnancy. As the retina matures after
birth, its metabolic requirements increase and the avascular retina becomes
hypoxic, leading to phase II of the disease. Hypoxia in phase II induces a rapid
increase in the hypoxia-induced growth factors that were suppressed in phase
I, and this leads to neovascularization. Absent maternal factors may increase
slightly if the fetal liver and other organs that produce them have matured sufficiently, but are always lower than in utero levels.
		

Endothelial vascular growth factor
Excessive use of oxygen has been associated with the development
of ROP since 1940, when retrolental fibroplasia, former name of this
disease, was first observed after the advent of closed incubators,
which caused oxygen concentration to rise to unprecedented levels.
At first, unregulated oxygen use was not identified as toxic to the retina but it was later widely accepted that hyperoxia induced vascular
loss resulting in retinal hypoxia and stimulated the release of factors influencing blood vessel growth. Michaelson and Ashton in the
1940s proposed that oxygen regulated factors were involved in retinal neovascularization but none were specifically found until many
years after it was described as the “X-factor” regulated by oxygen.
It would later be known that this molecule is the vascular endothelial
growth factor. VEGF was initially described as a vasopermeability
factor but it was later found to induce endothelial cell proliferation.
There are a number of angiogenic factors involved in hypoxia-induced retinopathy, such as VEGF, erythropoietin, IGF-1, angiopoi
sion of VEGF, preventing vascular growth and causing at least a partial regression of the vessels already formed. Hyperoxia-induced vaRetinopathy of Prematurity
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so-obliteration is caused by apoptosis of vascular endothelial cells.
In phase II, in view of the accelerated demand for oxygen by the hypoxic peripheral avascular retina, the expression of VEGF increases
in astrocytes and Müller cells and this leads to a pathological neovascularization. (Figure 2.2).
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in uterus
normal
vascular growth

PHASE 1
stop of vascular
growth

PHASE 2
Retinal neovascularization

Increase of
metabolismhypoxia

Premature
birth

Figure 2.2. Schematic representation of growth factors involved in vascular development in the different stages of ROP. In uterus, VEGF is expressed in growing
vessels, IGF 1 allows vascular development, EPO is normal and PUFAs are provided by the mother. In phase I, due to the premature birth and hyperoxia, expression
of all growth factors decreases and growth of the retinal vessels stops. In phase 2,
avascular retina increases its metabolic demand, causing overexposure of growth
factors and subsequently neovascularization.

Erythropoietin (EPO)
EPO is a hormone secreted by the fetal liver and subsequently by the
adult kidney with pleiotropic effects, including stimulation of erythropoiesis in the bone marrow by favoring proliferation and differentiation of erythroid precursors, inhibition of apoptosis in vascular cells,
and neurons, and regulation of angiogenesis. This is promoted in
vivo and in vitro, showing the same angiogenic potential on endothelial cells as the vascular endothelial growth factor. EPO expression
depends on oxygen saturation, very similar to VEGF, and both are
regulated by the hypoxia-inducible factor. EPO is necessary for retinal development. The EPO receptor is present in the retina of the developing human fetus, particularly in the region of active mitosis, and
increases in response to ischemia. The amount of VEGF expressed
in the retina correlates with the progression of abnormal vascularization. Addition of EPO may increase the threshold level of angiogenic
factors leading to abnormal vascularization and the onset of ROP.
Animal studies suggest that the time of EPO administration is critical,
as it appears to play a protective role during ROP phase 1, while it
may exacerbate neovascularization if administered during the prolifRetinopathy of Prematurity
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erative phase of the disease.
Insulin-like growth factor 1 (IGF-1)
Although oxygen, acting in part through VEGF and EPO, plays a central role in the first phase of ROP. Prematurity is by itself the most
important risk factor for disease development. Therefore, non-oxygen regulated growth factors are at least as important as oxygen
in the development of retinopathy. Clinically, ROP is multifactorial.
Despite the controlled use of supplemental oxygen, the disease persists, suggesting that other factors related to prematurity and growth
and development play an important role. In ROP, then, any consideration of the factors controlling growth should include the growth
hormone-IGF-1 axis. Growth hormone (GH) has been suspected, but
it has not been demonstrated, to play a role in diabetic retinopathy
(DR) since it was discovered that pituitary ablation can reverse neovascularization in proliferative DR. It has been found recently that GH
acts through IGF-1 in the two phases of ROP.
Fetal growth and development at all stages of pregnancy depend on
IGF 1 and 2. Serum concentration of IGF 1, but not of IGF 2, increases with gestational age and correlates with fetal size. IGF 1 levels
rise significantly in the third trimester of pregnancy, but the serum
concentration in prematurely born children decreases due to the loss
of secretion of this factor in the placenta and amniotic fluid. IGF 1 is
essential for normal vascular development of the retina. Lack of IGF
1 is associated with lack of vascular growth, and the subsequent
neovascularization driven by hypoxia. Low levels of IGF 1 contribute
to the development of ROP phase I, because it alters the survival of
vascular endothelial cells. The mean serum IGF 1 levels in premature infants are inversely related to the clinical severity of ROP. Low
postnatal IGF 1 levels in premature infant serum are a determinant
risk factor for ROP, as well as gestational age and low birth weight. In
addition, these low levels correlate with brain development and retinal neural function in ROP. Patients with genetic defects on the GH/
IGF1 axis have decreased retinal vascular density, suggesting that
low levels of IGF-1 during development are associated with vascular
loss and may contribute to early vascular degeneration in phase I,
leading to proliferative retinopathy.
Polyunsaturated fatty acids
In the third trimester of pregnancy there is a massive transfer of polyunsaturated fatty acids (PUFAs) from the mother to the fetus. Like
IGF1, this transfer is absent in prematurely born children.
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The lack of omega fatty acids remains, as these are essential fatty acids that can only be obtained from a diet or total parenteral
nutrition. Deficits in omega PUFA appear to be implicated in other retinopathies, such as age-related macular degeneration. PUFA
found in the highest concentration in the retina are docosahexaenoic
acid (DHA), a potent omega 3, and arachidonic acid, a potent omega 6. Both are found in the phospholipid membrane of vessels and
neurons. Omega 3 and omega 6 fatty acids significantly influence
vascular growth and pathology. Omega 3, through bioactive metabolites, reduces pathologic neovascularization by enhancing vessel
regeneration after vascular loss and injury, improving recovery of
ROP phase I as well as directly inhibiting neovascular proliferation
in phase II.
In summary, the most important concept to understand the pathophysiology of ROP is that there are two phases in the disease: the
first phase in which relative hyperoxia causes interruption of the angiogenesis-mediated vascular growth, and the reduction of oxygen
dependent factors –VEGF and erythropoietin–, and oxygen independent –IGF, GH and PUFA. The second phase takes place when
the peripheral avascular retina with normal neural growth requires
oxygen, leading to an overexpression of vascular growth factors,
causing neovascular proliferation and the subsequent fibrovascular
traction and retinal detachment.
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CHAPTER 3
PERINATAL TRIGGERING FACTORS
DR. MÓNICA VILLA GUILLÉN

 3.1 . INTRODUCTION

Retinopathy of prematurity (ROP) is a proliferative disease of retinal vessels, its
etiology is multifactorial and develops in up to 84% of premature infants with less
than 28 weeks of gestation and weighing less than 1000g at birth.1.2
The problem tends to be decidedly more frequent and more severe in premature infants with 24-27 weeks of gestation and with extremely low birth weight
(<800g). However, the disease exists in many regions of the world in newborns
older than 32 weeks and with 1750g of weight at birth. This phenomenon occurred 30-40 years ago in industrialized countries, where retinopathy now does
not exist at these ages and groups, giving a greater importance to clinical practices in the development of ROP.3,4

 3.2 . RISK FACTORS

Figure 3.1 summarizes the main factors involved in the development of ROP and
demonstrates the multifactorial nature of the disease.

Figure 3.1. Risk Factors Associated with ROP
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3.2. a. Factors clearly associated with ROP
These are: prematurity (gestational ages 24-27 weeks), extremely
low birth weight (less than 800g), oxygen use, male and Caucasian.1
3.2. b. Unconfirmed risk factors
There are many other risk factors that have been postulated in association with ROP, but to date they have not been clearly confirmed in
well-designed studies. These factors include:
1. Persistence of ductus arteriosus (PDA): has been related
both to the development and to the evolution of ROP,5-7 fundamentally associated with the hemodynamic changes produced by PDA and its effect on a retinal ischemic vasculopathy such as ROP. A recent study evaluated 131 premature
children, 79 with PDA and 52 without PDA, without finding an
increase in the risk of developing ROP and its severity after
adjusting by gestational age.8 It is not clear if this possible
relationship described in some reports is due to the hemodynamic alteration produced by the left-right short circuit, due
to its indomethacin treatment (which has a direct effect on
the reduction of cerebral flow and may favor ischemia) or if
in fact everything is related to the patient’s own immaturity.
2. Use of postnatal steroids: the use of postnatal steroids has
been associated with the presence of ROP.9-11 In a randomized study in neonates with a birth weight less than 750g,
ventilator dependent and a postnatal age between 15 and 25
days, dexamethasone use was associated with a higher frequency of severe ROP (56 vs 45%) and an increased need
for ablation (35% vs 20%).11
3. Sepsis: Recent data have shown that sepsis increases mortality and serious morbidity including ROP in very low birth
weight premature infants. In a study of the neonatal network
in Israel, early neonatal sepsis in very low birth weight premature infants doubled the risk of ROP.12 Manzoni et al13
recently demonstrated that the use of bovine lactoferrin significantly decreased late sepsis in very low birth weight premature infants and ROP, requiring surgical treatment (11.3%
vs 3.9%).
4. Sepsis through candida: Several clinical studies report
sepsis associated with candida with a higher proportion of
serious ROP and surgical treatment.14-16
Retinopathy of Prematurity
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5. Transfusions of red blood cells and use of iron: the effect
of red blood cell transfusions on retinopathy of prematurity is still controversial.17-19 A prospective randomized study
showed no association with the incidence or severity of ROP.
Dani et al.19 have described the potential role of transfusions
and ingestion of iron in association with ROP.
6. Hypercapnia: Holmes reported retinopathy induced by carbon dioxide in a rat model.20 Later, other reports in animal
models and tissue cultures showed that hypercapnia increases nitric oxide synthase (NOS) isoforms in the retinal
vasculature, resulting in cytotoxicity of said vasculature.21-22
Clinical information is incomplete and inconclusive2. 3, which
is not unexpected given the multiple factors involved in the
pathogenesis of ROP.
7. Apnea and use of surfactant: These two factors have been
reported as independent factors associated with ROP. The
presence of apnea not only increases the risk of developing
ROP, it can also worsen pre-existing ROP.24
8. Use of erythropoietin (EPO): the use of recombinant human
EPO (rhEPO) to decrease transfusions has been associated
in some studies with an increase in the incidence of ROP25,26
but in other reports this increase has not been demonstrated.27,28 These results lead us to the conclusion that the use
of rhEPO for the prevention of ROP is not recommended and
that more randomized clinical studies are required.
9. Vitamin E deficiency: the antioxidant system of premature
infants is functionally immature due to antioxidant enzymes
and “blockers” of deficient free radicals. As a result, a premature infant is susceptible to develop free radical mediated
diseases, including ROP. Elevated levels of hypoxanthine, a
free radical generator, have been found in the vitreous humor
of neonates with ROP. These findings suggest that antioxidants such as vitamin E may be useful in preventing ROP.
Two meta-analyzes showed that vitamin E supplementation
significantly decreased the risk of severe ROP (stage 3 or
more) in very low birth weight premature infants.29.30 However,
there was an increased risk of necrotizing enterocolitis and
an increased risk of sepsis when serum vitamin E levels exceeded 3mg/L. Therefore, its use cannot be recommended
to date.
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10. Deficiency of omega-3 fatty acids: in premature infants,
with a greater risk of long chain polyunsaturated fatty acid
deficiencies, it has been shown that supplementation with
large amounts (1%) of docosahexaenoic acid (DHA) may be
beneficial in visual prognosis.31.32 The impact of supplementation of formulas with DHA (1 vs 0.3%) or supplementation
of human milk with omega-3 in retinopathy of prematurity,
requires further studies.
11. Hyperglycemia: Hyperglycemia, defined as plasma glucose> 150mg/dL occurs in 45% of premature infants <1000g
and in 80% of children under 750g. Retrospective studies
show that hyperglycemia increases the risk of ROP in extremely low weight premature infants (<1000 g)33.34 but a
causal relationship has as yet not been established. To date,
more studies are needed to establish whether reducing or
preventing the duration of hyperglycemia reduces the incidence of ROP.
12. Exposure to light: light in neonatal units was proposed as
a risk factor for ROP, but a rat model35 and a randomized
trial (LIGHT ROP)36 did not confirm this relation in premature
infants with less than 1000g. A recent study in dogs showed
that decreasing light exposure caused a decrease in oxygen-induced vaso-obliteration37, so it seems sensible to continue this practice in premature infants with less than 1000
g until the 31 weeks of postmenstrual age as a measure to
reduce ROP phase I.
13. Genetic factors: small studies have investigated the genetic association with severe ROP or treatment failure.38 Mutations and polymorphisms have been implicated in the Norrie
disease pseudoglioma (NDP) gene, in the endothelial nitric
oxide synthase (eNOS) gene, and in the vascular endothelial
growth factor (VEGF) gene. Unfortunately, most studies have
not shown a significant association between genetic abnormalities and ROP. The influence of genes on the frequency,
progression and severity of ROP requires more studies in different populations and large cohorts.39
14. Poor postnatal weight gain: some studies have shown that
poor postnatal weight gain may be a risk factor for the development of ROP.40 These observations could lead to medical
therapies that contribute to the prevention of this disease.
Retinopathy of Prematurity
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15. Maternal factors: a recent study identified maternal factors
associated with ROP. Wu et al.41 found in 144 Asian premature infants that maternal age in addition to birth weight were
significantly associated with the presence of ROP, suggesting a potential maternal risk factor for ROP, different from that
observed in western populations.42
16. Neonatal practices (2): risk of retinopathy may decrease
with improved prenatal and obstetric practices by reducing
the rate of prematurity with the use of, for example, prenatal steroids when premature birth is imminent and also with
better neonatal practices. The latter has been demonstrated
very simply given the differences in the rates of severe ROP
observed in developing countries compared to those in developed countries. There is great evidence of good neonatal practice and its association with increased survival and
decreased morbidity, including ROP. Some components of
increased neonatal care can be introduced even in situations of few resources. These include adequate temperature
control (both hypo and hyperthermia), minimal management,
use of analgesia in painful procedures. Measures to reduce
infection rates and promote breastfeeding as part of good
neonatal care are also included. Table 3-1 summarizes the
main improvement actions in the care of these patients.
Factors contributing to BETTER neonatal care in premature infants

Prenatal steroids (betamethasone)
Place of birth
Thermal control
Avoid painful experiences. Appropriate analgesia
Avoid infection
Adequate nutrition / early feeding with human milk
Careful handling of fluids- avoid overhydration
Appropriate oxygenation
Postnatal steroids alone in selected patients
Management of apnea
Management of the ductus arteriosus
Reducing ambient light
Minimal management
Optimal patient nurse relationship
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17. Other factors: ROP factors such as indomethacin, shock, mechanical ventilation, meningitis, acidosis, vitamin A deficiency,
perinatal infection and inflammation, and lack of breastfeeding
among others have been associated with ROP.1, 5, 43,44, 45

3.2. c OXYGEN AND ROP
The normal sequence of in-uterus retinal vessel growth is altered by
premature birth. In the animal model, hyperoxia suppresses the expression of VEGF that results in the cessation of vessel growth and
regression of existing vessels.
The role of oxygen associated with ROP has a long history of observations and controlled clinical studies. Kinsey observations in 1949
and those of Campbell in 1951 first involved oxygen as a possible
cause of ROP.
Two controlled clinical trials showed that high concentrations could
be toxic and increase the incidence of ROP.46,47 This led to a multicenter cooperative study that showed a significant increase in ROP
in the group with routine use of oxygen (high concentrations) compared to the restricted use group (<40%), but mortality in the latter
was 10% higher than in that of high concentrations.48
Results of this study led to recommendations against routine oxygen
use in premature infants and oxygen restriction when using FiO2>
40%.
These actions resulted in a significant increase in early neonatal
deaths in the next decade.
In the current era, oxygen therapy in premature infants is routinely
monitored using the pulse oximeter from admission and until the neonate requires no further supplemental oxygen. Tin et al.49 showed
that the incidence of ROP was 6, 14, 16 and 28% when the target
saturation was 70-90, 84-90, 85-95 and 88-98, respectively. Subsequent studies with saturation of 85-93% have shown a significant
reduction of ROP.50-53 After this and other publications, two reviews
of the topic conclude that at the moment, the “ideal” saturation to
prevent ROP is 85-93%.
A recent meta-analysis showed that there was a 52% reduction in
ROP in studies whose target saturation was low (70-96%) in phase I
(birth at 32 corrected weeks).54
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In three of the 5 studies, there was no increase in mortality in the
low-saturation group. A recent randomized study (SUPPORT study,
n = 1,310) compared oxygen saturations of 85-89% vs. 91-95% and
it was found that in the low saturation range there was a reduction
in the risk of severe ROP but an increase in intra-hospital mortality55.
The increase in mortality is difficult to explain since the saturations of
the two groups are imbricated and the medians of oxygen saturation
are very similar, 91% in the low saturation group and 94% in the high
saturation group. In addition, the upper limit of saturation in the low
saturation group is lower (89%) compared to previous studies (93%)
that have not shown an increase in mortality.
Because it is difficult to obtain the desired target saturation due to
the “human factor”, in the future clinical practice could include automated systems for FiO2 adjustment as evidenced by studies by
Claure et al.56
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CHAPTER 4
RATIONAL USE OF OXYGEN IN PREMATURE
INFANTS
DR. MARÍA VERÓNICA MORALES CRUZ

 4.1 . DEFINITION

It is noteworthy, before addressing the subject here, to look towards common
goals in one aspect of the management of the premature infant.
Therefore, I quote the dictionary, which tells us that “rational is that relative to
reason”, “Rationalism is the philosophy of knowledge based on reason” and
“Rationalize is to organize something by making it more efficient and less expensive”. Making use of this last definition, I outline some useful reasons for
the effective and less expensive use of supplemental oxygen for our premature
newborns.
Zimmerman1 reports that the in utero premature child meets its metabolic needs
with a blood with PaO2 around 25 mmHg, so that even ambient air could be
toxic. In 1967 Northway2 reported that 100% O2 causes emphysema, fibrosis,
and lung inflammation in newborns.
Now we know that superoxide anion represents the toxic species generated by
oxygen. This knowledge derived from different investigations in several species
of animals in which it was observed that during ischemia, ATP is hydrolyzed,
which in turn will form adenosine, which is catabolized to xanthine and hypoxanthine that can use oxygen as an electron acceptor. After an ischemia event,
there is a phenomenon of reperfusion that favors entry of O2 in the above referred system that results in superoxide anion, in addition to uric acid.

 4.2 . OXYGEN AND A PREMATURE CHILD

The premature child is exposed to several phenomena of hypoxia, ischemia and
reperfusion. In animal models, hyperoxia appears to increase the production of
superoxide radicals at the level of mitochondria as it also occurs in diseases
such as sepsis and the Respiratory Distress Syndrome, both common in Prematurity. It is these situations that intervene in the formation of Toxic Radicals of
Oxygen in both the acute and chronic phases, generating damage to different
organs and tissues, which is why they form a fundamental part of the pathophysiology of what is now known as “Radical Oxygen Disease of Prematurity”, including Retinopathy of Prematurity (ROP), Bronchopulmonary Dysplasia (BPD),
Intraventricular Hemorrhage (IVH), and Necrotizing Enterocolitis (NEC).3,4
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Prematurity is a special condition of the newborn in which endogenous antioxidant mechanisms mediated by enzymes such as superoxide disminutase,
catalyzes and glutathione reductase may not be sufficient to neutralize Toxic
Radicals, eventually producing damage.
The production capacity of endogenous antioxidants is directly proportional to
the gestational age and not only that, it can even decrease in the first week of
life, especially in the newborn with less than 32 gestational weeks.5
We know that superoxide anion alters the organization of endothelial cell membranes and that these toxic oxygen radicals, together with proteases, damage
the extracellular matrix and the basal membrane, so recovery of the damage is
abnormal.
At the molecular level, amino acids subjected to oxidative stress, especially
tryptophan, histidine and sulfur amino acids alter the structure and function of
proteins and DNA structure, so that not only the cellular metabolism is changed
but also the ability to repair and regenerate tissues in general.5.6
The use of O2 as a therapeutic tool is not in controversy. However, up to this
point, defining limits in terms of quantity or time is not easy, as A.H. Jobe7
remarks, which makes it clear that animal research models do not answer the
question of How much oxygen is adequate to reduce its potential damage? and
sensitivity and oxygen tolerance cannot be ethically evaluated in humans.

 4.3 . OXYGEN DOSAGE

Different conclusions have been made based on these investigations where
evolution of damage at the ocular and pulmonary levels go hand in hand according to the different concentrations of oxygen used and the percentage of
saturation observed, some of which I explain below. (Figure 4.1).
Regarding gestational age, in a premature child with 35 weeks of gestation,
minimum saturations of 89-94% or maximum of 96-99%, does not increase the
severity of ROP, but it does prolong swelling at the pulmonary level and although with the same weight gain, relapses due to pneumonia and BPD and
even the risk of hospital admittance was greater with the consequent use of
oxygen for a longer and higher concentration. In premature infants younger
than 32 weeks’ gestation, neurological development and similar growth were
observed in those treated with saturations of 91-94% and those who kept saturations between 95-98%8.
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Another study reported the experience in premature infants who maintained
saturation between 93¬95%, and there was a decrease in the frequency and
need for ROP management. Premature infants were also evaluated with O2 saturation in 85-93%, who a decrease in ROP and BPD was also found, concluding that premature newborns could be managed at less than a 95% saturation,
thereby reducing the adverse effects of oxygen radicals specifically related to
BPD and ROP.
Once the cause was analyzed from the clinical point of view, we should also
consider the “how”, so I deem it important to consider the following aspects.

 4.4 . OXYGEN MONITORING

Non-invasive continuous monitoring of blood gases, specifically oxygen,
through pulse oximeters (Saturometers) is as important as any other vital sign
especially in patients with supplemental O2. Under this method, information
on oxygenation is accurate under physiological conditions. Oxygen saturation
depends on the quality of light that is recorded between a light source and a
photosensor, among which an artery is placed, so that the saturometers depend on a suitable arterial pulse and therefore can be altered by ambient light
and in situations where there is poor perfusion, severe edema or shock states.
Physiologically also, oxygen saturation is more important than the measurement of PaO2, which is less reliable in neonates previously transfused with adult
blood, where a higher desaturation with the same PaO2 is recorded. The recording of different levels of hyperoxia by this technique also has a limitation,
derived from dissociation curve of hemoglobin - oxygen in the premature newborn reported to have a PaO2 of 80 mmHg and a PO2 of 180 mmHg and in both
saturation would be of 100%.9 (Figure 4.1).

45

Grupo ROP México
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Figure 4.1. A. Blender, B. Premature infant with nasal tips and naso-gastric probe C. Premature
infant intubated during ophthalmologic examination, both with a saturometer.

 4.5 . CONCLUSIONS

According to the reasons given above, we could consider that continuous noninvasive monitoring of oxygenation in premature infants with a need for supplemental oxygen is of the utmost importance and that it would be advisable to
maintain a maximum saturation level of 95%, as long as the production of toxic
oxygen radicals and the limited defense capacity of these children is balanced,
both endogenously and exogenously, not forgetting that each patient is an individual and as such their requirements may be different.
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CHAPTER 5
CURRENT CLASSIFICATION OF RETINOPATHY OF
PREMATURITY
DR. MARCO ANTONIO RAMÍREZ ORTIZ

 5.1 . INTRODUCTION

The International Classification of Vascular Alterations of Retinopathy of Prematurity (ROP) was developed at the end of the last century by a group of ophthalmologists from North America, South America and Europe, whose results were
first published in 1984 and later in 1987 for ROP associated with retinal detachment. It has been adopted in recent years by ophthalmologists, pediatricians
and neonatologists. Due to the advances in the techniques of exploration and
photography of pediatric retinas, a greater understanding of the natural history
of this disease has been possible, so that in 2005 some modifications were published to the original description.
This classification is very important because it allows us:
• Define the severity of retinopathy
• Decide patient’s treatment, observation or discharge
• Describe in detail the changes in the patient’s medical history
• Communicate our findings with other colleagues and parents
• Provide proper follow-up to the patient
• Participate in multicenter research studies using the same way of describing the disease
Retinopathy of prematurity (ROP) is classified in two ways:
• Extension Areas
• Stages of activity

 5.2 . EXTENSION AREAS

The extension area of ROP has been systematically classified into three concentric zones, since the retinal vasculature grows symmetrically from the optic
nerve towards the ora serrata, the peripheral temporal retina being the last to be
vascularized. (Table 5. 1).
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ZONE

MEANING

RELEVANCE

LOCATION OF INJURIES
IN THE RETINA

Illness with a high
risk of blindnes

I

Retinal immaturity
lesions very close
Require laser or
to the optic nerve
cryotherapy in the
and macula
avascular area
within 72 hours

Imagen

Illness with a high
to medium risk of
blindness

II

Retinal immaturity
They require
lesions close to surveillance every
the optic nerve
3 to 7 days until
and macula
resolution.

Imagen

Treatment within
72 hours in case
of progression
Illness with a
low or no risk of
blindness

III

tRetinal immaturity lesions far from
the optic nerve
They require
and macula
weekly or biweekly surveillance
until resolution

Imagen

Table 5.1. Zones of Retinopathy of Prematurity

Zone I:
It is a circular area whose radius is twice the distance between the optic nerve and the papilla-macula. When a magnifying glass of 28 diopters is placed on the nasal edge of the papilla, the field that is observed
corresponds to this zone. When we place the optic nerve in the center
of the image obtained with the 120° lens of a RetCam, we can observe
the complete Zone I.
Evolution of ROP in zone I can be very fast, so that any vascular alteration in this zone can be very serious, even in the absence of vascular
alterations. Urgent treatment is recommended in these cases.
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Zone II:
It is a circular zone whose center is the optic nerve and is outside zone
I. The outer limit of this circle is drawn from the nasal ora serrata in the
M 3 of the right eye and in the M 9 of the left eye. For the clinician examining pediatric retinas, they should take as a rule that all ROP-associated lesions that are outside Zone I should be considered as located
in Zone II, unless they can observe complete vascularization with the
indirect ophthalmoscope in the two more nasal schedules of the patient. For RetCam users, the Zone II limit is just when the edge of the
image is at the limit of the edge of the optic nerve.
ROP can progress quickly in this area. However, there are data that
alert us before it becomes a serious disease:
• The cordillera shows signs of vascular arching
• Increased dilatation and vascular tortuosity
• Presence of “hot dog” injuries in the cordillera
Zone III:
Residual zone located in the temporal retina that lies between the outer
circle of zone II and ora serrata. It has a crescent shape and it is very
rare that it becomes an aggressive disease. It should be evaluated
every two weeks. The ophthalmologist can assess this area by turning
the patient’s head to the temporal sector of the eye to be examined and
by scleral indentation. With the RetCam, it is also possible to evaluate
Zone III when it is not possible to see the optic nerve by tilting the camera towards the patient’s midline.

 5.3. STAGES OF ACTIVITY

Prior to the development of ROP, the retinal vascularization is incomplete or
immature. There are 5 stages to describe the abnormal vascular response at
the junction of the vascularized retina with the non-vascularized retina. It is important to note that a premature infant can have several stages of ROP, which
will have to be described according to the schedules or sectors where they are
located.
Stage 1: Demarcation line
It is a flat linear structure with well-defined edges, without over-elevation that separates the vascularized posterior retina from the non-vascularized anterior retina. Prior to the appearance of the demarcation
line, there may be vascular changes that are sufficient to diagnose
Stage 1. The vascular network ending in this area is perpendicular to
the demarcation line (Figure 5.1). This stage is generally solved without
leaving sequels although in some occasions it can evolve to Stage 2.
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Stage 2: Crest or wall
The crest forms at the edge of the demarcation line as it widens and
rises from the avascular zone.
Vascular loops may be seen on the surface of the posterior retina which
are called “pop corn”, arterio-venous tortuosities, and bleedings in the
anterior retina. The crest may change from whitish to pink (Figure 5.
2)s. This stage generally shows a regression without leaving sequels
although in some occasions it can evolve to Stage 3.

Figure 5.1. Demarcation line, 5.2. Pink crest with small hemorrhages.

Stage 3: Extraretinal fibrovascular proliferation
At this stage there is neovascularization from the posterior edge of the
crest to the vitreous. Fan-shaped terminal vessels, vascular loops and
perilesional hemorrhages are also observed. Depending on the seriousness of the lesions, this stage is subdivided into mild, moderate and
severe depending on the extent of extra-retinal fibrovascular tissue.
Without treatment, 50% of patients with this abnormality progress to
retinal detachment.
Stage 4: Partial detachment of peripheral retina
Characterized by partial retinal detachment at the beginning of the cordillera. The retina is drawn into the vitreous by the fibrovascular area.
• IV a The detachment does not involve the macular or fovea
area (Figure 5.3).
• IV b The detachment involves the macula or fovea (Figure
5. 4).
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Figure 5.3. The detachment does not involve the macular or fovea area
Figure 5.4. The detachment involves the macular or fovea area

Stage 5: Total retinal detachment.
This stage represents a total retinal detachment in the form of a tunnel
(Figure 5.5a). It is usually tractive and may occasionally be exudative.
In turn it is classified according to the conformation adopted by the
detached retina:
• Stage 5A: open tunnel
• Stage 5B: closed tunnel (Figure 5.5 5b)

Figure 5.5 a Total retinal detachment in the form of an open tunnel, 5.5b Total retinal
detachment in the form of a closed tunnel

 5.4. PLUS DISEASE

It is defined as the presence of arteriolar tortuosity and venous engorgement in
the posterior pole, which may be accompanied by vascular engorgement in iris,
vascular rigidity, vitreous turbidity (Figure 5.6). The presence of Plus disease is
indicative of urgent treatment.
Preplus disease is defined as those vascular alterations in the posterior pole
that are insufficient to diagnose the Plus Disease, but where greater arteriolar
tortuosity and venular dilatation than normal can be seen (Figure 5.7). The diagnosis of Preplus disease has a prognostic value as important as the gestational
age, birth weight, stage or area of ROP.
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Figure 5.6. Plus Disease, arteriolar tortuosity and venous engorgement in the posterior pole, 5.7
Preplus disease, vascular alterations in the posterior pole that are insufficient to diagnose the
Plus Disease, but where greater arteriolar tortuosity and venular dilatation than normal can be
seen.

Clinically it is difficult to differentiate between Plus Disease and Preplus Disease, since the appreciation of the degree of tortuosity and vascular dilatation
varies among observers. Therefore, computerized systems for the evaluation of
Plus Disease are being developed, such as ROPTool and RISA, which will allow
us to define these alterations in a more objective way.

 5.5 . POSTERIOR AGGRESSIVE DISEASE

This disease is uncommon, occurs in patients with a very low weight at birth
and is described as ROP-AP. It is characterized by significant dilation and engorgement of both arteries and veins in the four quadrants of the posterior pole
as well as fibrovascular proliferation (Figure 5. 8). It may be accompanied by
persistence of the tunica vasculosa lentis and rubeosis iridis (Figure 5. 9). It
occurs almost always in Zone I, but it can also occur in Zone II. It is generally
diagnosed in a single visit without requiring later evaluations since its evolution
is direct without progress from Stage 1 to Stage 3. If not treated immediately this
disease evolves to Stage 5.

Figure 5.8. Posterior Aggressive Disease, 5. 9. Rubeosis iridis
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CHAPTER 6
SCREENING CRITERIA
DR. GABRIEL OCHOA MÁYNEZ

 6.1. INTRODUCTION

The Art of Medicine has advanced to both ends of life: on the one hand, life expectancy of the elderly now reaches almost 85 years in Mexico. On the other,
survival of premature infants with a weight as low as 700 g and 27 weeks’ gestation (SDG) (and sometimes shorter in both cases) is more frequent thanks to the
efforts of Neonatologists and the advances in this area (medicines, ventilators,
infusion pumps, etc.). Due to this, it is increasingly more important to establish
and monitor screening protocols for this disease in all Health Institutions, Hospitals, Clinics and in each place where premature infants have the opportunity to
survive, and to inform Neonatologists and Pediatricians of the priority to request
valuation by a doctor with experience in the review of ocular fundus and peripheral retina in these patients. Therefore, these two branches of medicine (ophthalmology and pediatrics) should interact closely to ensure that all premature
infants at ROP risk are assessed to detect this condition on time.

Screening for retinopathy of prematurity was initiated in many countries in the
late 1980’s, when CRYO-ROP1 reported its first positive results from cryotherapy
treatment. The Collaborative Group for the Early Treatment of ROP (ET-ROP)
demonstrated a greater benefit with the early treatment of the disease. These
results, together with the increased survival of newborns, made screening more
important.2.4
Many premature infants develop some degree of retinopathy, but while most
resolve without treatment, only a small percentage progress to some stage of
severe illness, which if detected early can be treated with a high probability of
success.3 Due to the natural progression of the disease and that benefits have
been demonstrated of the timely treatments to reduce the severe visual deficit
in this condition, it is important that all children at risk are assessed at the right
time.
Some developed countries have established their own guidelines and selection
criteria based on weight and gestational age following studies on the incidence
of retinopathy of prematurity in their population.4.6 However, if these guidelines
are applied in developing countries, many premature infants may be excluded
from the screening criteria, and they could become susceptible of some potentially serious undetected ROP stage.5-7 The main publications come from the
United States and the United Kingdom, where screening criteria have changed
over the years. We consider it appropriate to mention at this time the Joint Cri57
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teria currently in force by the American Academy of Ophthalmology, the American Academy of Pediatrics and the American Association for Pediatric Ophthalmology and Strabismus,2 where examinations are recommended for infants
with a birth weight of less than 1500g or a gestational age of 30 weeks or less,
children with a birth weight between 1500 and 2000 grams or a gestational age
greater than 30 weeks with an unstable clinical condition, whose pediatrician
or neonatologist considers to be at high risk. They also state that in newborns
with 27 weeks or less of gestational age at birth, their first revision should be
performed until 31 weeks of gestational age as corrected from the date of last
menstruation. Those born at 28 weeks of gestation or more should be evaluated
at 4 weeks after birth.8-9

 6.2 . MEXICAN TECHNICAL GUIDELINE FOR SCREENING

In Mexico we currently have the screening protocols of the Technical Guidelines for the Management of Retinopathy of Premature edited by the Ministry of
Health in 2007, which states that:
1. All premature infants with 34 weeks or less of gestational age, and/or less than 1750g of weight at birth are to be
screened.
2. At the discretion of the attending physician, premature infants older than 34 weeks of gestation and birth weight
equal to or greater than 1750 g who have received supplemental oxygen are also to be screened.
3. At the discretion of the treating physician, premature infants
who have associated risk factors.10
As for the initiation of screenings, it is based on the suggestions of the American
Association of Pediatrics, for babies with a gestational age of at least 28 weeks
gestation. Exams should start 4-6 weeks after birth8.

 6.3. ALGORITHM (ET-ROP)

The Collaboration Group for the early treatment of ROP (ET-ROP) established a
clinical algorithm proposing surveillance or treatment criteria for these patients.
The algorithm shows that in most circumstances peripheral retinal ablati on
should be considered for any eye with ROP type I:
• Zone I in stage 1 with Plus disease.
• Zone I in stage 3 without Plus disease.
• Zone II in stage 2 or 3 with Plus disease.
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The algorithm also recommends serial revisions to be performed in ROP Type
II:
• Zone I in stage 1 or 2 with Plus disease.
• Zone II in stage 3 without Plus disease.
Frequency of follow-up recommended by the Technical Guidelines for the Management of Retinopathy of Premature, published by the Ministry of Health in
2007:
Weekly
• ROP type II.
• ROP with incomplete vascularization in zone II, until the
vascularization reaches zone III.
Biweekly
• ROP in zone II in Stage 2 without Plus disease.
• Incomplete vascularization in zone II but without ROP, until
reaching zone III.
• Incomplete vascularization in zone III or ROP in zone III.
Stop follow-up
• In case of regression from pre-threshold or ROP that is
self-limited at 45 weeks and when there is progression of
vascularization to zone III10.
The American Academy of Ophthalmology, the American Academy of Pediatrics and the American Association of Pediatric Ophthalmology and Strabismus
state that the ophthalmologist will define the date of the next examination, will
record this in the medical record and will be done as follows:
One week or less:
• Stage 1 or 2 of ROP in zone I.
• Stage 3 of ROP in zone II.
One to two weeks:
• Immature vascularization in zone I (not ROP).
• Stage 2 of ROP in zone II.
• ROP in regression in zone I.
Two weeks:
• Stage 1 of ROP in zone II.
• ROP in regression in zone II.
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Two to three weeks:
• Immature vascularization in zone II (not ROP).
• Stage 1 or 2 of ROP in zone III.
• ROP in regression in zone III8.
Based on previous publications and in our experience, we recommend the
screening protocol summarized in the following table:
The patient is usually checked by indirect ophthalmoscopy
following the method described below:
A. Ask for a pupil dilatation with sufficient time in advance
so that when the explorer starts its revision, there is adequate mydriasis for the evaluation of the (central and peripheral) retina.
B. Application of topical anesthetic in both eyes, placement
of a pediatric blepharostat and continuous lubrication of
the corneal surface (hypromellose 2%) is recommended.
(Figure 6.1 A, 6.1. B).
C. With an indirect ophthalmoscope, a 28-diopter magnifying glass and the scleral indenter, check the posterior
pole with special attention to vessel characteristics (tortuosity and dilatation) to identify the presence or not of Plus
Disease, at the same time observe the extent of vascularization, with which we can establish the Zone of Retinal
Vascularization (I, II or III). (Figure 6.1.C, 6.1.D, 6.1.E and
6.1.F).
D. Through the use of the scleral indenter, systematically review the peripheral retina, with particular attention to the
temporal region, so as to define the extent of the area
in which Retinal Vascularization (I, II or III) is located. At
this moment, identify the anatomical characteristics of the
peripheral retina (demarcation line, retina elevation, neovascularization, etc.) and determine the stage in which it
is found (1, 2, 3, 4 or 5).
E. Based on the previous findings, make a final diagnosis
and record it in the patient’s Clinical Record, as well as
the date of the next revision or treatment, as appropriate.
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Imagen

Figure 6.1. A. Instillation of droplets to perform mydriasis, B. Placement of blepharostat, C. Scleral indentation, D. Indirect ophthalmoscopy of premature child, E.
Material required for ophthalmoscopy, F Indirect binocular ophthalmoscope.

Some hospitals now have a visualization system (RetCam II), with which it is
possible to screen premature babies. The benefits of this system is to obtain
high definition digital images ideal to be more objective in the diagnosis of the
disease, after comparison of previous ones in the follow up, therapeutic decision making and the results obtained from the treatment. Steps for revision 1
and 2 are the same:
A. RetCam is placed gently on the patient’s corneal surface
on a perpendicular plane, obtaining images of the posterior pole to see vessel characteristics (tortuosity and dilatation) and to identify the presence or not of Plus Disease,
at the same time observe the extent of vascularization,
with which we can establish the Zone of Retinal Vascularization (I, II or III).
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Imagen

Figure 6.2. A. RetCam, B. Revision with a RetCam Transducer of a Premature Infant, C. Dynamics of an examination of ocular fundus with
RetCam.

B. Moving the camera in oblique directions to the anterior-posterior axis of eye, systematically obtain images of
the temporal, superior, nasal and inferior region, with particular attention to the temporal region, so as to define
the extent of the area in which Retinal Vascularization (I,
II or III) is located. At this moment, identify the anatomical
characteristics of the peripheral retina (demarcation line,
retina elevation, neovascularization, etc.) and determine
the stage in which it is found (1, 2, 3, 4 or 5).
Based on the previous findings, make a final diagnosis and record it in the patient’s Clinical Record, as well as the date of the next revision or treatment, as
appropriate.
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CHAPTER 7
CRYOTHERAPY
DR. JUAN CARLOS BRAVO ORTIZ

 7.1 . BACKGROUND

First, with the use of indirect binocular ophthalmoscopy and the consequent
identification of retinopathy of prematurity lesions in an earlier vascular proliferative state, in 1972 Yamashita1 with the use of cryotherapy and then Nagacata,2,3
Oshima4 and Tanabe5 with the use of photocoagulation, proposed that the ablation of the peripheral retina of children with retinopathy of prematurity could stop
the progression of the disease, as in cases of other proliferative vasculopathies.
Yet, during the following decade, some studies were against6.7 and others in
favor8,9,10 of a peripheral retinal ablation as a therapeutic method.

Uncertainty that ablation of the peripheral retina could have a beneficial effect
led to the design of an expensive study to determine the potential usefulness
of cryotherapy as a therapeutic method that could stop the progression of the
disease.
The cryotherapy study for retinopathy of prematurity (CRYO-ROP) was arranged
in 1985 under the direction of Dr. Earl A. Palmer, and sponsored by the National Eye Institute of the United States (NEI). It was designed to conclude in June
1988, but was interrupted earlier by evidence of a favorable effect compared
to a simple observation.11 The CRYO-ROP study remains one of the most prestigious and longest studies of pediatric eye diseases with more than 20 years
of follow-up, conducted in 23 centers in the United States, and with the participation of ophthalmologists, neonatologists, photographers, technicians and researchers. It has produced high quality data on the benefits of the treatment for
retinopathy of prematurity by ablation of the peripheral retina, has also provided
some insights into the natural history of the disease, and contributed to organize
similar clinical trials in other areas.12

 7.2 . INDICATIONS

Therapeutic evidence of the beneficial effect of cryotherapy is based mainly on
the results from the CRYO-ROP study12.
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Cryotherapy
It was initially recommended in patients in stage 3, zone II or I, where 5 or more
continuous meridians or eight discontinuous meridians were compromised in
the presence of Plus disease (disease threshold).13 In those cases where the
outcome was not satisfactory to improve the outcome, a “pre-threshold” stage
was established (retinopathy in zone I, retinopathy in stage 2, zone II or retinopathy in stage 3 thast did not meet the criteria of the threshold stage). The main
idea was to detect the imminence of evolution to the threshold stage. Later,
with the advent of the laser, therapeutic indications have been redefined, and
an attempt has been made to treat earlier, giving way to type I disease: “new
threshold”:
• Zone II with Plus disease, stages 2 or 3
• Zone I with Plus disease, stages 1, 2 or 3
• Zone I, stage 3 without Plus disease.
With the reports of the early treatment of retinopathy of prematurity (ET-ROP),
the use of the laser is recommended as the first option for the treatment of type
I disease:
• Among the beneficial effects of the laser is the greater ease of use, less
aggression to eye tissues, fewer postoperative effects. Better results
have been identified for the treatment of the posterior disease and at
least equivalent results for zone II.14-18
• The use of cryotherapy has also been recommended as a complementary treatment to the use of laser in cases of posterior disease that
merit a treatment of very large areas using cryotherapy for the peripheral retina and the laser for peri-equatorial areas. This latter known as
combination therapy.
• Essential elements for treatment:
The site, type of anesthesia and monitoring should be adapted to the
conditions in the clinical center, the experience of the medical team,
and the patient’s own history.
1. Site: The procedure can be performed in the operating room
or in the neonatal intensive care unit. The sine qua non condition for the procedure is the presence of an expert in intensive
care of premature patients. Also important is the monitoring of
vital signs, the state of oxygenation and general conditions.
An IV will be placed and airways will be permeable, in an
environment where an adequate temperature be maintained.
Anesthesia may be under IV sedation or general anesthesia,
whether inhaled, via IV, balanced or even local.
Retinopathy of Prematurity
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The ophthalmologist must have an indirect binocular ophthalmoscope with capacity to modify the pupil size, a cryotherapy
kit with probes specially designed for newborns, appropriate
blepharostat, anesthetics, lubricants and topical antibiotics.
The place will allow for a comfortable height and be free of
objects for lateral mobilization and the proper visualization of
all sectors of the retina in an environment of darkness.
2. Technique: Using indirect binocular ophthalmoscopy with a
20, 28, 30 or 40 DPT magnifying glass to directly visualize the
depression area in the avascular retina before the proliferation
zone, apply approximately 50 points of “soft” cryotherapy in
the retina (thawing, when the region depressed by the probe
starts to whiten). Horizontal meridians are to be avoided as
there is a greater risk of damage to nerves and vessels. Continuous points will not overlap. Application may be transconjunctival or subconjunctival (prior perilimbal peritomy). Anesthetic eye drops can be initially instilled. The subconjunctival
injection of anesthetic can make it difficult to visualize the retina by the chemosis that would prevent the passage of light
from the ophthalmoscope to the pupil. During the procedure
2% methylcellulose can be used for lubrication of the cornea.
Excessive irrigation of the cornea is to be avoided to prevent
an edema and the difficulty of visualization as the procedure
progresses. An occlusive patch can be used for a couple of
hours only to decrease chemosis and to avoid conjunctival
exposure. However, the occlusion should only be for this period of time, as more time would favor the development of
amblyopia and a deficient macular development. (Figure 7. 1
and 7. 2).
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Figure 7.1 Application of Cryocoagulation by Indirect Ophthalmoscopy

Figure 7.2 Application of Cryocoagulation by Indirect Ophthalmoscopy

The application of mixed broad-spectrum antibiotic eye drops
and low-risk anti-inflammatory steroids for ocular hypertension
of the Fluormetolone or Loteprednol etobonate type 4 times a
day for a week is recommended.

 7.3 . FOLLOW-UP

The patient should be checked the next day to detect immediate complications, evaluate the results of the application for 5 to 7 days, and in the case of
progression, apply cryotherapy points in untreated sites. We know, though, that
a patient with a history of retinopathy of prematurity with or without treatment,
should be monitored for life for the risk of long-term complications: a visual low,
strabismus and peripheral retinal lesions leading to retinal detachment.
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 7.4 . COMPLICATIONS

Local: There may be a progression of the disease, intraocular inflammation,
retinal traction, macular edema, intraocular hemorrhages, perforations, and in
severe cases, occlusion of the central retinal artery and ptisis bulbi, due to
a greater susceptibility to cryotherapy of the immature ciliary body in an eye
where the proximity of tissues (pars plana-peripheral retina) is reduced, and
also due to an injury to vessels and nerves in that region, and complications of
the surface of the eye such as: Conjunctival infections, lacerations, subconjunctival hemorrhages and peripheral edema of the cornea.
Systemic complications: Bradycardia, hypoxia, cardiorespiratory arrest.
Due to manipulation of the newborn during the mobilization procedure, endotracheal intubation, venous canalization, blood pressure monitoring controls,
precordial patches or pulse oximeter.

 7.5 . SIDE EFFECTS

Patients undergoing cryotherapy may have a higher prevalence of refractive
defects, mainly myopia, and they may also develop secondary glaucoma, visual field reduction, strabismus and structural alterations in the retina, in both
the posterior pole and the peripheral retina and amblyopia. Consequently, they
should be evaluated periodically in a comprehensive way.

 7.6 .CONCLUSIONS

Cryotherapy has proved its usefulness in the treatment of retinopathy of prematurity. It marked a watershed in the prognosis of this devastating disease. It is
also a therapeutic procedure available in the main eye care centers and should
be taken into account as an option in cases where a premature infant has this
condition in a stage suggesting progression.
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CHAPTER 8
TRANSPUPILLARY LASER TREATMENT
DR. LEONOR HERNÁNDEZ SALAZAR

 8.1 . INTRODUCTION

The goal of surgical intervention in patients diagnosed with Retinopathy of Prematurity (ROP) is to prevent that the disease progresses into the development
of a retinal detachment and that visual loss be minimized. Both, cryotherapy
and laser application, in any of its varieties, have as main objective to ablate the
areas of avascular retina and thus reduce the production of angiogenic factors
that favor the development of the disease.

The transpupillary laser was the first technique used for the treatment of ROP by
Nagata et al. in 1967,1 but due to the technical difficulties involved in the use of
xenon laser, it was replaced by cryocoagulation. However, the need to improve
the results obtained with the cryotherapy treatment of the threshold disease in
the CRYO-ROP study2 (Multicenter Trial Cryotherapy for Retinopathy of Prematurity), where 44.4% of the patients at 10 years of follow-up had a visual acuity of
20/200, led to the search for new treatments and to the commencement in 2003
of the ETROP study3 (Early Treatment for Retinopathy of Prematurity), showing
better results in less evolved phases of the disease called pre-thresholds, when
ablation is made of the avascular zone with a transpupillary 810 nm diode laser.
With the development of portable laser units and despite the debate regarding the advantages of laser versus cryotherapy for the treatment of these children, laser photocoagulation and specifically an 810 nm diode laser is currently
the treatment of choice. Laser treatment has better anatomical and functional
results than the cryotherapy treatment.4-8 Histologically, the laser produces atrophy of the choriocapillaris and the large choroidal vessels and chorioretinal
scars of partial thickness, unlike cryocoagulation that produces major histological changes.9 Its main advantage is in the treatment of posterior retinopathy,
where favorable anatomical results are obtained in 83% of those cases treated
with laser versus 25% of those treated with cryotherapy. In cases with ROP in
Zone II, cryotherapy allows to obtain 75% of favorable anatomical results and
the laser over 90%.10-11
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 8.2 . INDICATIONS

Following the indications given by the CRYO-ROP2, all those premature children
with ROP in a threshold stage (stage 3, 5 continuous hours or 8 discontinuous
and plus disease) require the application of treatment.
The ETROP3 study gives the following treatment indications:
ROP type 1:
• Zone I, in any stage with Plus disease
• Zone I, stage 3 without Plus disease
• Zone II, stage 2 or 3 with Plus disease
These patients require the application of photocoagulation within 72 hours
of diagnosis, since once they reach the threshold stage, spontaneous regression is low and approximately 95% of cases evolve naturally into retinal detachment.

 8.3 . TECHNIQUE

Performing this surgery requires an ophthalmologist trained in laser application
via an indirect ophthalmoscope, a pediatric anesthesiologist or neonatologist to
give general anesthesia or sedoanalgesia and nursing care, and the following
material: laser equipment for photocoagulation, preferably a 810 nm diode, 28
diopter magnifying glass, neonatal blepharostat, scleral indenter, topical medications such as anesthetic, mydriatic drug (tropicamide/phenylephrine), antibiotic and anti-inflammatory steroids. (Figure 8.1).

Figure 8.1. Material needed for transpupillary laser application. Left: diode laser equipment,
indirect ophthalmoscope. Right: 28-diopter magnifying glass, scleral indenter, neonatal blepharostat; additional equipment, conjunctive clamp, knob with solution for irrigation.

Retinopathy of Prematurity

74

The goal of the treatment is to disperse burns throughout the non-vascularized
peripheral retina. This is usually done in a treatment session. Photocoagulation
burns are distributed separated by a burn width of 0.5, i.e. semiconfluently.
Confluent laser treatment would have a higher risk of complications because it
is a more aggressive treatment. Excessive photocoagulation may cause ischemia of the anterior segment, mainly when the 3 and 9 meridians are intensively
treated. However, insufficient treatment will not succeed in stopping vasoproliferative activity, as desired.
Treatment usually begins at the anterior end of the vascularized retina (from the
crest or proliferation) and is applied to the ora serrata using a scleral depressor. When photocoagulating, follow an order by applying the laser in a circular
way around the eye, so that the last shot is applied to the side of the first one
and thus avoiding leaving untreated isolated spaces. It is advisable to initiate
photocoagulation by the temporal sector, which is usually the most extensive
avascular area and is easier to photocoagulate.
Initial settings for the diode laser are a power between 100 and 300 mW and a
pulse duration of 200 milliseconds. Treatment should always be started with the
least amount of power with which a yellowish-gray reaction is observed in the
retina. (Figure 8.2). It is often necessary to vary the power and direction of the
pulse from one zone to another in the avascular retina. In general, more power
is needed in areas near the crest (on average 180-250 mW) and in those areas
closer to the ora serrata, less power is used (100 mW on average).

Figure 8.2 A. Application of transpupillary laser by indirect ophthalmoscope. B. Aspect of laser
traces in avascular area during transpupillary application with indirect ophthalmoscope. C. Aspect of laser traces 3 months after treatment.
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The total number of shots needed to treat a given eye will depend primarily on
the size of the avascular zone. In those cases with ROP in zone I, apply approximately 2000-2500 laser shots per eye and for those cases in zone II between
1500 and 1800 shots.12
Currently, some authors suggest the photocoagulation of the crest to decrease
the production of angiogens and in turn to decrease the probability of retreatment. However, there is the possibility of causing hemorrhages or inducing a
tractional retinal detachment.13

 8.4 . FOLLOW-UP

Postoperative medication should include cycloplegic and anti-inflammatory
steroids for 5 to 7 days.
To determine the anatomical result, the ocular fundus will be done until the
regression of the disease is confirmed. We must not forget that in the days following the application of the laser, we can find that retinopathy has followed a
progressive course.
Between 10 and 15 days after treatment, signs of regression should be observed, including the disappearance of plus disease and the decrease or disappearance of fibrovascular proliferations and vascularization of the avascular
zone. If this is not the case, untreated avascular retinal areas requiring more laser should be sought. Up to 40% of patients may require additional treatment.3
In AP-ROP, retreatment can be as early as 5 days after the first laser application. If a retinal detachment occurs during this period, the patient should be
vitrectomized.
Some of the patients treated with laser, although applied correctly, can maintain
a progression of the disease. These cases, with a significant worsening and
progress to stage 4 or 5, occur in 15.4% of premature infants with threshold
disease and 9.1% with pre-threshold disease. Risk factors for this progression
are, among others: lower gestational age, lower weight at birth, fewer laser
shots than average on the first treatment, sepsis and prolonged mechanical
ventilation.14
Regarding functional development, the ETROP study assessed the evaluation
at 9 months of age corrected after laser treatment through refraction and determination of visual acuity. A rehabilitation treatment could be offered from this
age to avoid the development of amblyopia. It has been determined that there
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is no statistically significant difference in relation to the visual field, near and far
visual acuity, color vision and refractive error among premature infants who did
not develop ROP and those who received laser treatment15.

 8.5 . CONTRAINDICATIONS

Opacity of media contraindicates photocoagulation, as in cryotherapy. In these
cases vitrectomy with endophotocoagulation will be the treatment of choice.

 8.6 . COMPLICATIONS

Indirect laser photocoagulation has fewer local complications at the conjunctiva
and eyelids than cryotherapy. There may be conjunctival hyperemia, superficial
corneal burns, and corneal epithelial edema.16 Iris burns with iridocyclitis and
production of posterior synechiae and hyphema, photocoagulations of the vascular retina and even of the macula. These complications are of low prevalence
in experienced hands.
Cataract formation has been described in 2-6% of cases.17 Cataract etiology
would be the thermal damage generated through laser energy absorption by
the tunica vasculosa lentis and the iridian pigment. This effect would be less
with the diode laser than with argon. Cataracts can be partial without visual,
subcapsular or cortical repercussions, and may disappear spontaneously 2 to
6 weeks after photocoagulation. Or they may be total cataracts that prevent visualization of the fundus, whose etiology could be attributed to anterior segment
ischemia or damage of the lens capsule by the laser and requiring extraction
by a vitreoretinal surgeon due to the possible presence of vitreous adhesions.
A 10-year follow-up4 treatment with cryotherapy versus laser showed that laser-treated eyes had a lower myopia index, although reports indicate a wide
range of presentation (29-85%). There were also better anatomical and functional results. Macular heteropia was found in up to 12% of cases, oblique papilla in 18-26%. However, vascular tortuosity may persist and vitreous membranes
may develop in up to 65% of cases.18
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 8.7 . CONCLUSIONS

Application of transpupillary laser with indirect ophthalmoscope is the treatment
currently approved to stop the progression of retinopathy of prematurity in the
threshold/pre-threshold stage, and despite recent investigations with antiangiogenic drugs, very good anatomical and functional results are obtained with this
therapy. It is therefore one of the most important weapons to prevent blindness
in premature infants.
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CHAPTER 9
TRANSSCLERAL LASER
DR. MARTÍN FLORES AGUILAR

 9.1. INTRODUCTION

Laser treatment of retinopathy of prematurity (ROP) is as effective as cryotherapy
but has a lower incidence of side effects.1 However, transient opacity of the lens
and cataract formation after transpupillary photocoagulation have been reported by indirect ophthalmoscopy with argon or solid state laser.2 Transpupillary
photocoagulation represents an alternative and safe method for the treatment
of ROP in general but mainly in the cases that present persistence of the tunica
vasculosa lentis and cloudy elements, secondary to pathology of the anterior
segment of the eye or as part of the plus disease, and those where adequate
mydriasis is not achieved. Transmission of the infrared solid-state laser (810
nm wavelength) through the sclera and choroid allows the effective application
of all the energy of the laser in the pigmented epithelium of the retina and the
choroid, thus avoiding the passage of the laser through the lens and minimizing
the incidence of cataracts, especially in cases with persistent dense vasculosa
lentis (grade 4).3

 9.2 . TECHNIQUE

It is of vital importance that the pupil is in total mydriasis throughout the procedure to be able to perform the treatment in a suitable period without having
to expose the premature patient to the need to perform a second procedure.
However, it is possible to perform the transscleral technique with minor degrees
of mydriasis either by persistence of the tunica vasculosa lentis or by stiffness
of the iris in cases of more marked disease. The anesthetic technique used will
depend on the possibilities of each service as well as the preferences of the surgeon or neonatologist, although intravenous sedation and analgesia are usually
sufficient, leaving inhaled general anesthesia for specific cases, thus reducing
neonatal morbidity.4 There is little evidence to demonstrate the advantage of
one anesthetic method over the others, nor is there any to compare the risk of
systemic complications in each of the anesthetic techniques in the premature
patient. The monitoring of vital signs is imperative as the maneuvers that can
trigger vagal reflex are the common denominator in the treatment of ROP by
laser or cryotherapy.
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 9.3. EQUIPMENT

Transscleral photocoagulation requires a laser system with light emission and
wavelength of 810 nm (infrared), and the use of a transscleral application probe
(1500 µm diameter), indirect ophthalmoscope for the visualization and direct
control of application points, and a lens of 20 or 28 diopters depending on the
preference and familiarity that the surgeon has with them.5 The transscleral application probe acts as a scleral indenter, so that one is not required to perform
the procedure. Due to this, it is possible to apply the treatment even in cases in
which it is not possible to obtain 100% mydriasis. (Figure 9.1).

Figure 9.1 The transscleral probe acts as a scleral indenter at the time of treatment.

Although the laser application is traditionally performed through the pupil under direct ophthalmoscopic control, the transscleral laser application provides
larger treatment points (1500 µM), which decrease the time of application of the
treatment and exposure to anesthetic agents, and this has a direct control of
the areas to be treated.
The area normally treated with either technique includes the entire avascular
retina anterior to the transition zone between the vascularized and avascular
retina and excluding the areas of neovascularization and the foveal area in cases of posterior ROP.6.7 Application of transscleral laser is recommended, leaving a space equivalent to one-third of the total diameter of the treatment area of
the probe between each shot, thus avoiding a confluent laser application.
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The efficacy of the treatment between the transpupillary application and the
transscleral laser application has been compared. Both techniques are equally
effective, although the transscleral application has been associated to an increased risk of intraocular hemorrhage. Transscleral treatment for cases of posterior ROP can be difficult, and sometimes they require conjunctival incisions
resulting in greater trauma and palpebral or conjunctival edema.8 The mastery
of the technique allows the surgeon to carry out a greater number of treatments
in a shorter time and with a very reduced index of the described complications, with even less complications than other application techniques. Evidence
suggests that transpupillary or transscleral laser photocoagulation is probably
associated with a better functional and structural prognosis when compared to
cryotherapy. The short-term benefit of one technique of laser application over
another has not been demonstrated. It should be noted that in cases where
transpupillary photocoagulation is not possible because visualization of the retina is not clear due to corneal or crystalline or even vitreous opacity, transscleral photocoagulation represents the ideal technique to carry out the effective
treatment without the morbidity in the cryocoagulation of the retina previously
indicated in these cases.8 (Figure 9.2).

Figure 9.2. Traces of the transscleral laser using a 30 Diopter Apherical Magnifying Glass and
Indirect Binocular Ophthalmoscopy.
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 9.4 . POST-SURGICAL MANAGEMENT

There are no comparative studies of the treatment regimen following retinal
photocoagulation by ROP. Steroid, antimicrobial or cycloplegic eye drops can
be used individually or in combination for a few days after treatment, especially in patients of very low gestational age and low weight at birth.7 The use of
steroids and antimicrobials is compulsory in patients in whom conjunctival incisions were required to administer the subsequent treatment.
Once the treatment has been carried out, it is suggested that the first post-treatment review be carried out within the first 5 to 10 days to assess the regression
of the plus disease and ROP.6 In those cases in which complete regression of
ROP has not been achieved, a second treatment can be performed following
the initial parameters. There are no reports in the literature about the appropriate time to perform the retreatment and the recommendations vary between the
first and third weeks after the initial treatment, although it can usually be carried
out within the 10-14 days (following the first post-treatment revision).
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CHAPTER 10
LASER-RANIBIZUMAB COMBINATION THERAPY
IN ROP PATIENTS
DR. LUIS PORFIRIO OROZCO GÓMEZ

 10.1. INTRODUCTION

It is known that the risk of progression of the threshold disease despite the laser
treatment is 15.6% and of the pre-threshold disease is 9.1% and that the most
important factors for this progression are lower gestational age, low weight at
birth, sepsis and mechanical ventilation, and that only 50% of the cases treated with laser would be successful and 30% of those treated with cryocoagulation.1,2,3,4
Some of the patients treated with laser, although applied correctly, can maintain a progression of the disease. In the cases where there may be a significant
worsening, no disease regression and in the absence of retinal detachment, a
retreatment with laser may be considered or the possibility of injecting an antiangiogenic therapy.

 10.2. USE OF AN ANTIANGIOGENIC THERAPY IN ROP

Ranibizumab is an aptamer of a monoclonal antibody that acts directly on all
isoforms of the human endothelial vascular growth factor. Although it was approved by the Food and Drug Administration in June 2006 for the treatment of
age-related macular degeneration in its wet variety, multiple multicenter studies
are being conducted in other ocular proliferative diseases such as diabetic retinopathy and venous occlusions with excellent anatomical and functional results.
Since it limits the growth of anomalous vessels without affectation of the normal
vessels, its application is local through an intra-vitreous injection at 3 or 3.5 mm
of the corneoscleral limbus and no systemic or local complications have been
described because of its intraocular use. The approved dose is 0.5 mg in 0.05
ml.5
Recent publications have shown the benefit of combining laser with an antiangiogenic therapy in premature infants with type I ROP at pre-threshold stages,6 with excellent anatomical and functional results, showing no systemic alterations5 nor neurodevelopmental disorders. The use of antiangiogenic agents for
retinopathy of prematurity has been documented, as intravitreal doses of 1.25
mg bevacizumab, to block the endothelial vascular growth factor released by
the ischemic retina and to avoid neovascularization of the periphery of the retina
and its tractional detachment.5.6.7 However, it has been reported that small dos87
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es can reach the general circulation, jeopardizing the neuroprotective effect of
this factor to maintain healthy neurons of the central nervous system in cases
of ischemia. Consequently, there is controversy on the safety of this therapeutic
modality.8.9
The molecular characteristics of the different antiangiogens are decisive for
their use in premature infants.
Since the ranibizumab molecule is smaller because it is an aptamer of a 40 kD
monoclonal antibody whose effect is 2.88 days shorter, unlike bevacizumab,
whose molecule is 149 kD and whose half-life is 8.82 days9, its concentration
in the aqueous humor is 17.9 µg after three days, compared to 37.7 µg after
three days of bevacizumab. In the vitreous humor, concentrations found of ranibizumab are 0.1 µg per µg after 30 days, and 10 µg per µg for bevacizumab,
with absence of ranibizumab in the contralateral eye to that injected. While for
bevacizumab, concentrations have been found in the contralateral eye and in
the systemic circulation.10-11 For this reason, we prefer to use ranibizumab and
laser in patients with pre-threshold retinopathy.

 10.3. COMBINATION THERAPY APPLICATION TECHNIQUE

It should be applied by indirect ophthalmoscopy using an 810 nm diode laser
with enough intensity to achieve a visible thermal effect and then make the intravitreal injection of ranibizumab. The procedure is simple. We recommend to
carry out the procedures in the operating room under the patient’s sedation as
administered by an anesthesiologist (2 mg/kg weight of intravenous fentanyl citrate as an analgesic and 100 mg/kg weight of intravenous midazolam or 1 mg/
kg weight of intravenous propofol).
After pupillary dilation, topical anesthetic (tetracaine) and asepsis and antisepsis of both ocular regions and the placement of pediatric blepharostat, the
transpupillary laser will be applied using an 810 nm diode laser with an indirect
ophthalmoscope and an aseptic magnifying glass of 28 prismatic diopters in
the areas of ischemic retina, performing scleral indentation and covering the
avascular areas of the peripheral retina (Figure 10.1A, 1B). Subsequently, apply an intravitreal injection of 0.03 ml (0.3 mg) of ranibizumab with an insulin syringe and a 30 gauge needle, 3 mm from the sclerocorneal limbus in the upper
temporal quadrant of each eye (Figure 10. 1C).
Postoperative application of topical moxifloxacin hydrochloride every four hours,
topical prednisolone acetate every four hours and tropicamide/phenylephrine
every 12 hours for one week (Figure 10.1D). Evaluation of the results should be
done every week until six weeks (Figure 10-1E). Regression of retinopathy will
be determined by the decrease of the vascular caliber in the posterior pole and
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disappearance of the fibrovascular proliferations that characterize stage III.

 10.4. EXPECTED RESULTS

The decrease in vascular tortuosity, which with laser is 65%; with the combined
therapy was 17.3% and the development of vitreous membranes, which with
the laser treatment is 65% and with the combined therapy was 11.5% (Figure
10.1F.).
There is a greater correlation with lower weeks of gestation to develop the
threshold or pre-threshold disease in children of 29 weeks than with a weight
lower than 1204 g. Again, prematurity is more important for the development
of retinal disease than the weight at birth. Patients of 30, 32 and 33.5 weeks
of gestation have been found with severe retinal disease, what implies that a
closer monitoring of all premature infants in neonatal therapy services is to be
conducted. The systemic disease of each premature child will determine its
level of neurodevelopment. Consequently, to separate this development from
the potential systemic effect that the intravitreal injection of ranibizumab could
cause will be difficult. With the combined laser-ranibizumab treatment, we obtained better control of proliferative disease in all patients.(8)

Figure 10.1 A. Application of transpupillary laser, B. Scleral indentation, C. Intravitreal application, D. Retina with immediate postoperative laser treatment, E. Retina with late postoperative
laser treatment, F Retina with combined treatment at 6 weeks.
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 10.5. FUTURE OF CHILDREN TREATED

Increasing survival rates for lower gestational age and low weight at birth are
the result of the careful neonatal care provided at the hospital.
The ongoing, day-to-day research proposes new drugs that alter the development of the disease as the vascular endothelial growth factor that theoretically
prevents the degeneration of retinal vessels induced by oxygen.8,9,10 The use
of combined treatments for the treatment of retinopathy of the premature infant
seems to finally offer a better quality of life, preserving the vision.
The ophthalmologist and neonatologist should interact to examine all premature
infants with a weight at birth below 1500 g or 35 weeks of gestation, as the disease can not be diagnosed with the naked eye.1.2
The challenge for the ophthalmologist with the increase of living micropremature
infants should be to offer safe measures to prevent blindness. Current overall
survival rates of infants with extremely low weight at birth are much better than
20 or 30 years ago. The rates of cerebral palsy or other neurologically disabling
morbidities have not changed. This epidemiological truth does not detract from
the fact that neonatal intensive therapy services have increased the survival
of micropremature infants, but further neurological and systemic development
still remain a highly challenging difficulty. We believe that the medium and long
term prognosis of these micropremature infants should be more clearly established when their rescue is being decided through heroic measures, regardless
of the neurobiological condition of the person, which is clearly perceived as
severely handicapped, as demonstrated in the study with greater neuropsychomotor impairment.(13)
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CHAPTER 11
TREATMENT WITH ANTIANGIOGENIC MONOTHERAPY
DR. MARÍA ANA MARTÍNEZ CASTELLANOS

 11.1. INTRODUCTION

Knowledge about nanotechnology has allowed the development of active compounds that specifically allow to interrupt the angiogenic cascade. As the principal, not the only, factor responsible identified in the pathogenesis of Retinopathy
of Prematurity (ROP), we found the vascular endothelial growth factor VEGF.1
This growth factor is involved in different pathologies and the pharmaceutical
industry is focused on developing drugs aimed at specifically blocking its action with different strategies. Of these, currently three drugs are commercially
available: Ranibizumab (Lucentis, Genentech/Novartis), Pegaptanib (Macugen,
Eyetech/Pfizer) and Bevacizumab (Avastin, Genentech / Roche). The first two
were accepted by FDA and COFEPRIS for ophthalmological use only, in the
treatment of macular degeneration related to age and ranibizumab for macular
edema secondary to venous occlusions, and the third drug was approved for
use in treatment of colon, ovary and lung cancer. However, there is abundant
published clinical evidence of the off-label use of the latter in several ocular
pathologies.2

 11.2. ROLE OF THE ENDOTHELIAL VASCULAR GROWTH FACTOR IN RETINOPATHY OF PREMATURITY

Use of the antiangiogenic therapy for ROP may be justified in a different way
from the same therapy in other types of ophthalmological conditions such as
age-related macular degeneration, since it has been shown that ROP has a
single peak of pathological elevation of VEGF production that promotes retinal
neovascularization. When a baby is born prematurely and placed in a hyperoxic
environment, VEGF production decreases, making vessels to stop their growth
and development. This induces a peripheral avascular retina. The more premature the infant, the greater the avascular area. Eventually, the avascular retina
becomes ischemic and stimulates a pathological overproduction of VEGF. Elevated levels of VEGF favor the progression of ROP, vasodilation and tortuosity of
vessels, causing ocular plus disease. It may also produce dilation of iridian vessels and rubeosis iridis.3-5 Once the role of VEGF in ROP has been determined,
the key to treatment is to reduce the excessive pathological levels of VEGF. The
use of laser and cryotherapy induce a decrease in pathological VEGF due to the
destruction of the cells that produce it. In this type of treatment, the decrease
of the factor in the vitreous is not immediate and may take more than 2 weeks.3
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 11.3. ANTIANGIOGENIC THERAPY, WHAT DO WE KNOW TODAY?

There is clinical evidence of the use of different antiangiogenic drugs in this pathology. Pegaptanib (Macugen, Eyetech/Pfizer) showed to induce a decrease
in pathological vascular activity after injection but did not prevent retinal detachment.6 Bevacizumab is the antiangiogenic agent with which we have the
most experience today. The first study with bevacizumab in ROP was in 2005.
Quiroz-Mercado et al7 reported results in 18 eyes in different stages of ROP
treated with intravitreal bevacizumab (BI), in both primary and rescue therapy.
In all cases, there was a regression of pathological neovessels, with no serious
systemic adverse events at 5 years of follow-up. Of the patients included in this
series, only one eye required a second dose of BI. Most of the patients in this
cohort presented some degree of myopia and in all study subjects except one,
an adequate neurological development was reported, as demonstrated after
conducting the tests and tasks stipulated by the Denver II Developmental Scale
(Table 11.1).8 To prospectively investigate the safety and efficacy of intravitreal
bevacizumab in type 1 ROP, the BEAT-ROP study (Bevacizumab Eliminates the
Angiogenic Threat of Retinopathy of Prematurity)9 and the BLOCK-ROP study
(Pan-VEGF Blockade for the Treatment of Retinopathy of Prematurity)10 were
designed. In February 2011, Mintz-Hittner et al11 published their results of the
BEAT-ROP study, which demonstrated the superiority of intravitreal bevacizumab over conventional laser in ROP zone I, stage 3 with Plus disease.
#

Eyes

Quiroz- Mer-

Dose

Medicine

Primary
therapy

Salvage
therapy

Location
of injection

18

1.25mg

Bevacizumab

Yes

Yes

1mm

22

625mg

Bevacizumab

Yes

------

2.5mm

12

0.75mg

Bevacizumab

Combined

------

1mm

Wu et al (20)

49

0.625mg

Bevacizumab

Yes

Yes

Pars pli-

Kusaka et al

23

0.5mg

Bevacizumab

Yes

Yes

0.5mm

334

0.65 to

Bevacizumab

Yes

------

1mm

cado et al (7)
Mintz-Hittner
et al (11)

Lawani et al
(19)

(21)

Martínez- Cas-

1.25 mg

tellanos et al
(12)

Orozco-Gómez et al (22)

Martínez- Castellanos et al

cata

34

0.3mg

Ranibizumab

Combined

------

3mm

12

0.65mg*/

*Bevacizumab

Yes

------

1mm

0.3mg**

**Ranibizumab

(18)
Table 11.1: Application techniques of an antiangiogenic therapy in different series.
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Although the results of the BEAT-ROP study are promising, the long-term complications of IB remain a concern. There are reports of local adverse effects
such as vitreous hemorrhage and progression of stage 4 retinal detachment
after therapy. (Figure 11.1).12,13s

Figure 11.1: a) Retinopathy stage 4a pre-treatment. B) Traction retinal detachment one week
post-treatment in the same patient of figure a. C) Retinal crunch after antiangiogenic agent as
post-laser salvage therapy.

Infection, retinal detachment and cataract are clear complications that may be
present after any injection and these studies did not find this type of complications in their group. The major concern regarding an anti-VEGF therapy is the
possible interference of the normal development of local and systemic vasculature.14 A delay in the development of peripheral vessels of the retina has
already been described, where areas of extreme periphery of retinal hypoperfusion were found. (Figure 11.2).14,15

Figure 11.2: Angiography taken with RetCam eleven months post-antiangiogenic therapy in a
patient treated for posterior aggressive retinopathy.
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12
24
36
48
60
months months months months months
Group 1
Salvage therapy stage 4a or 4b
1

-3.00

-3.00

-3.00

-3.75

-3.50

3

+ 5.50

+ 5.00

+ 5.50

+ 6.50

+ 7.00

2

-1.50

-1.75

-1.75

-1.75

-2.00

4

+ 10.50

+ 10.50

+ 10.50

+ 12.50

+ 11.00

Group 2
Not stable by vitreous hemorrhage or persistent fetal vasculature
5

-3.50

-4.00

-4.00

-4.75

-5.00

7

+ 0.12

+ 0.12

+0.12

+0.12

-0.25

9

-0.50

-0.50

-0.50

-0.50

6

8

-5.00

-2.00

-4.75

-2.50

-6.00

-2.50

-6.75

-2.75

-7.00

-3.00

-0.50

Group 3
Monotherapy in ROP type 1:
10

-1.25

-1.50

-1.50

-1.50

-1.50

12

-0.12

0.00

0.00

0.00

-0.25

11

13

-0.75

-5.00

-1.25
-5.00

-2.00
-5.50

-2.50
-6.00

-3.00
-6.75

14

+ 3.50

+ 3.50

+3.00

+ 2.75

+ 2.50

16

0.75

0.50

0.00

0.00

-0.25

15

17

18

-2.00

-2.50
0.50

-2.75

-2.50
0.00

-2.75

-2.50
0.00

-3.00

-2.75
0.00

-3.00

-3.00

-0.50

Table 11.2: Refraction of patients treated with bevacizumab from 2005 to 2010.8

A study is to be published that was presented at the AAO 2011 by Martínez-Castellanos et al.12 This reports the adverse effects found in 334 injections of bevacizumab over a 5-year follow-up period in 3 centers in Mexico, India and Chile.
This study found 68 local adverse events including: worsening of tractional
retinal detachment stage 4, elevation of intraocular pressure using a dose of
0.05cc, which decreased when the dose was changed to 0.03cc, peripheral
avascular fibrous membrane, vitreous hemorrhage and persistent avascular
periphery. Among the systemic adverse events, 3 patients died, two due to a
central nervous system infection and one due to multiorgan failure after a blood
transfusion. Patients with neurodevelopmental problems had grade 2, 3 or 4
intraventricular hemorrhage, hydrocephalus, cerebral hypoxia, hyaline membrane. At the 5-year follow-up, the authors concluded that local adverse effects
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are generally treatable and there are no functional adverse events. Systemic
adverse effects appear to be more related to prematurity per se than to medication. Once the retina is detached, this therapy should not be used, since the
medication tends to worsen retinal detachment.
We have evidence that a 5-year follow-up corrected visual acuity and the OCT
are comparable with non-premature infants of the same age. (Table 11.3).16
Electroretinograms and visual potentials evoked in patients treated with this
therapy were found to be normal.13
12

24

36

48

60

months*

months*

months*

months**

months**

1

3.2

6.5

9.8

20/200

20/200

3

Lv 9 cm

Lv 9cm

Group 2
Not stable by vitreous hemorrhage or persistent fetal vasculature
5

0.8

7

1.3

Group 1
Salvage theraspy stage 4a or 4b
2

4

6

8

9

6.5
LP

1.3

1.6

1.6

9.8
LP

13.00

20/60

Lv 9 cm LV 9 cm

20/60
HM

LP

LP

1.6

6.5

20/200

20/200

6.5

13.00

20/30

20/25

6.5

13.00

4.80

13.00

6.5

4.8

9.8

9.8

20/80

20/60

20/40

LP

20/80

20/40

20/20

Group 3
Monotherapy in ROP type 1:
10

11

1.60

1.60

4.80

13.00

20/40

20/30

20/25

20/20

12

2.40

6.50

13.00

20/30

20/20

14

1.60

6.50

13.00

20/30

20/20

13

15

16

17

18

1.60

2.40

1.60

3.40

2.40

9.80

4.80

9.80

6.50

9.80

9.80

19.00

19.00

19.00

13.00

20/30

20/40

20/30

20/40

20/30

20/20

20/25

20/20

20/25

20/20

Table 11.3: Visual acuity according to age * using cycles/sec in Teller tables, ** using ETDRS
optotypes.8
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 11.4. APPLICATION TECHNIQUE

The injection technique, the doses and the type of medication used change
from series to series. Table 11.1 summarizes the different series. In our group,
the application technique is based on the use of topical anesthesia, using a
drop of tetracaine. Asepsis and antisepsis are then performed with iodine povidone, a blepharostat is placed. The injection is performed with a 27 or 30
gauge needle, 1mm from the sclerocorneal limbus, perpendicular to it, trying
to evade the lens. Topical antibiotic remains on site. Mydriatics or steroids are
not required17.

 11.5. IS THEN AN ANTIANGIOGENIC THERAPY THE NEW
GOLDEN STANDARD IN THE TREATMENT OF RETINOPATHY OF
PREMATURITY?

In our experience, the antiangiogenic therapy applied in hundreds of eyes has
given results that point towards a change in the management of retinopathy
of prematurity. An article on the results of BEAT-ROP suggests that intravitreal
bevacizumab may become the treatment of choice in type 1 retinopathy.15
It is clear that both bevacizumab and intravitreal ranibizumab are dramatically
effective in the rapid induction of pathologic neovessel regression,18 specially
in the first 24-48 hours post-injection. In the following weeks we will see the
growth of the normal vessels towards the ora serrata and after a few months we
will be able to verify that the retinal vasculature is complete with blood vessels
that have a suitable lumen, flow, and direction, and that they are sufficient to
feed the high metabolic rate the retina requires for functioning. (Figure 3).14,18

Figure 11.3: a) Angiography taken with RetCam prior bevacizumab treatment, b) angiography
of the same patient taken 1 week post-treatment, c) angiography taken 2 weeks after treatment.
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 11.6. TREATMENT DISPUTES

Despite its effectiveness, there are still many questions and considerations
around the treatment.
The three commercially available antiangiogenic agents: Pegaptanib, bevacizumab and ranibizumab have been used in the treatment of ROP, but the question remains of which drug is the best option. All three medications have shown
to be effective in the involution of pathological neovessels, as opposed to treatment for age-related macular degeneration, which generally requires multiple
injections over a long period of time. The ROP treatment has shown to require a
single injection. Several doses have been used (Table 11.1), but the ideal dose
remains unclear. Initially, high doses of up to 1.25 mg (0.05cc) bevacizumab were used. This increased intraocular pressure and required paracentesis,
when the dose was decreased to 0.625 mg bevacizumab. This complication
decreased significantly, without changing the therapeutic effects of the drug.
Consequently, it is a small dose that is preferred, but, what would happen if we
used an even smaller dose? Would be just as effective in a developing eye?24
When exactly to apply the injection is a matter of much discussion. An antiangiogenic therapy has been used for both primary and salvage therapy in different grades of ROP (pre-threshold, stage 3, stage 4a).24-27 Apparently, time is
crucial for the success of this therapy. If used very early, it can delay vascular
growth. On the other hand, if used very late, when there is vitreous involvement
and retinal traction, it favors tractional retinal detachment. This detachment,
when fast and massive, is called “ROP crunch.” There is evidence that most of
these cases occur when a laser treatment was conducted, but failed, causing a
disease progression. (Figure 11.1)12-19-20-28
What happens if the condition progresses after the initial injection? In case of
recurrence, what is a better option, to apply an antiangiogenic therapy or laser?
This is a controversial issue, for which we do not have an answer yet.19.22

 11.7. GLOBAL CONSIDERATIONS

The use of an antiangiogenic therapy has a significant overall impact. Care is
improving in developing countries and the neonatal and premature population
continues to increase, making the antiangiogenic therapy a viable option, since
it is a low-cost therapy whose application requires a short learning curve.
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It is available in any country, can be applied in an intensive care unit or in a
doctor’s office, its application is performed under topical anesthesia and can
be used in patients in whom a conventional therapy cannot be applied due to
the presence of a vitreous hemorrhage or persistent fetal vasculature, preventing the correct visualization of the retina. The laser application produces retinal
ablation, requiring specific facilities in most cases. Usually, general anesthesia
with endotracheal intubation or sedation is required. It is an arduous procedure,
requiring training and a long learning curve. The equipment is expensive and
in developing countries, it is not accessible for 80% of intensive therapies.25,26

 11.8. CONCLUSIONS

In the last 5 years we have learned a lot about the short-term effectiveness of
the antiangiogenic therapy. We know that it works in ROP type 1, but we must
remember that it is a drug not made for the treatment of this pathology. It is not,
at this moment, the new golden standard and much remains to be learned.27
Prospective, multicenter, and controlled studies will help us determine their
long-term efficacy, but what we know so far has brought us closer to a better
ROP treatment and saved the vision of hundreds of children around the world.
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CHAPTER 12
SCLERAL BUCKLING FOR RETINOPATHY OF
PREMATURITY STAGE IV
DR. VIOLETA ROBREDO TORRES

 12.1. INTRODUCTION

Retinopathy of prematurity (ROP) is a public health problem in the world and
in our country, as it brings about blindness from infancy. The task of medicine
should really be in the prevention and timely treatment, to avoid reaching advanced stages that require vitreoretinal surgery.
Unfortunately, in Mexico, even though an infrastructure for survival of ever more
premature patients is available, there is no medical culture of prevention and
there is no timely detection of the disease. This not only increases the number
of patients with advanced stages of ROP, but also makes us face a retinopathy
of prematurity that has new and more aggressive forms of manifestation. The
main problem in Mexico is a timely diagnosis and that the treatment is given by a
physician trained in laser photocoagulation. Some years ago, the use of antiangiogenic agents has been promoted in an attempt to reach a larger population,
as mentioned in previous chapters. Not all patients respond to such treatments,
becoming part of the undiagnosed cases.
The challenge is to remember that the distease affects every individual and
family in a different way and magnitude. Each case we receive in our office is
unique. It is always a child in need to know if he will have the opportunity to see
or use his visual potential to the fullest, even if it is not normal. The greatest desire of the family is to get their child to see.
The role of the retinal surgeon begins even before determining whether or not
the patient is a candidate for the surgical procedure. It begins with the responsibility to make those parents understand simply what has happened to their
child, to understand also that the damage is irreversible and only then can we
start to try to preserve the function and enable their future integration into their
family, school and work.

105

Grupo ROP México

The studies of retinopathy of prematurity we currently have and which are used
as a basis for disease follow-up and management do not include treatment and
management of patients with retinal detachment and these patients may have
several management scenarios: observation, or surgical management, either
with vitrectomy, buckle placement or both.

 12.2. BUCKLING, VITRECTOMY OR BOTH

I share with you my personal experience of 7 years in the treatment of patients
with retinopathy of prematurity stage 4. I treat all stage 4 conditions with an external approach (buckling) and, at present, after 7 years, they continue with a
proper retina, and fully rehabilitated and integrated into their environment, with
visual acuities ranging from 20/30 to 20/200 in cases with ROP 4a and from
20/60 to 5/200 in cases with ROP 4 b.

 12.3. IN FAVOR OF BUCKLING

When buckle is placed on patients with stage 4a, it is expected and it actually
happens that the disease usually stops in its progression and is accompanied
by neovascular regression and a limitation of traction. This is the result of the
buckle and the ablative treatment of avascular areas with laser or cryotherapy
and drainage, that allow and favor retinochoroid adhesion.
Patients with buckle were followed up with fluorescein angiography and it has
been documented that leakage of dye in areas with neovascular activity markedly decreases between days 7 and 12 post-surgery.1 This, in turn supports
the fact that buckling prevents the progression of retinal detachment by reducing tensile strength and stabilizing neovascular activity.1 and 2
As in adults, buckling side effects have also been described. The main one
could be the alteration of the circulation.3 This, together with the growth of the
eye, makes the withdrawal or relaxation of the buckle much more relevant after
3 to 5 months of the surgery, thus avoiding this risk.
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In the follow-up of a group of patients with ROP 4a, six years after the procedure, 67% of the patients who were treated with buckling were maintained
with an applied retina compared to 34% of those who were only treated with
vitrectomy with or without buckling4 and 18% of those who remained in observation. In another report5, we analyzed the evolution of patients who underwent
vitrectomy plus buckling, concluding that the use of buckling does not improve
the vitrectomy outcome. The use of buckling as a single treatment does show a
greater incidence of reapplied retinas and the studies that speak about vitrectomy do not compare it with vitrectomy as a single treatment. For this reason, the
favorable result of 34% with vitrectomy should be taken with reserve, recognizing that buckling as a single treatment offers up to 67% success. (Figure 12.1).

Figure 12.1. Placement of scleral buckling in a Patient with ROP stage 4A

Treatment of patients stage 4b has suffered an entire evolution in my hands and
after some time and several vitrectomies, I treat them as early as possible and
as conservatively as possible. Only buckling and drainage can help, and even
if the retina is not fully applied, the zones that do, have allowed patients to have
enough visual acuity to have a functional daily life, ambulation and identification
of objects in their habitual surroundings, such as in little known places, as is the
doctor’s office they visit every 8 months.
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Figure 12.2 Visual evolution of a patient operated with scleral buckling in stage 4A ROP

 12.4. VITRECTOMY

Groups in favor of vitrectomy also argue that performing it alone could significantly decrease angiogenic factor concentrations, but recognize that technically, surgery in premature infants is much more complex5 than that in adults, as I
mention later in this chapter.

Vitrectomy is not a harmless procedure with no complications. It has been used
as an alternative treatment in patients with posterior aggressive disease without
retinal detachment and it has been documented that not only does it not produce encouraging results but it has been associated with a poor prognosis in
all cases.6 What has been associated with better prognosis of the aggressive
posterior disease with and without retinal detachment is an extensive laser ablation.7 This is possible in patients without retinal detachment, suggesting that
in cases in which, in addition to an aggressive posterior disease, we have a retinal detachment due to progression of the disease, the trans and postoperative
prognosis should be more discouraging.
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Therefore, even with the suggestion in the literature, performing vitrectomies
depend on each case. The complexity of a vitrectomy in premature infants is
that their retinas behave quite differently from the retina of an adult and the surgical technique makes it perfectly clear. The vitreous adhesion on the retina is
extremely firm and the retina has a friable and thick consistency, which favors
that during vitrectomy, it is not uncommon to have retinotomies, disintegrations
of the ora serrata, and vitreous adhesions that are impossible to remove. Even if
it is possible to apply the retina, the risk of detachment, fibrosis and poor vision
is very high.
In stages 4b, I began my surgical experience by trying to reapply the retina
through vitrectomy. It was an extremely complex technical process. Several
techniques have been described that aim at the relaxation of the retina and at
best its replication. Even if the surgery is control, it is not free of complications
and the incidence of relapse and retinal detachment may even, from my point
of view, accelerate the functional and structural involutive process of the eye.

 12.5. PATIENT SELECTION AND SURGICAL TECHNIQUE

To determine which case is surgical, an excellent diagnosis must be made so
as to be able to offer the patient a truly encouraging result. Thus, when faced
with a case of retinopathy of prematurity stage 4, it must be defined whether or
not it has a macular involvement, whether or not it has neovascular activity or if
it is in an involutive process. This is the basis of a good or bad prognosis and
it is a point of discussion in several studies, since it is usually the case that if
vitrectomy is performed in a patient with ROP 4 without neovascular activity, it
will be more feasible to reapply the retina, while treating an active ROP 4 could
lead to trans and postoperative complications that will be associated with a
poor functional and structural prognosis.
Similarly, deciding to place buckle in a patient involves the complicity of the
surgery and that the prognosis will be directly related to the process activity.
There is, however, the advantage of not manipulating the eye internally and not
adding factors that aggravate the scarring process which could deteriorate the
patient’s functional and structural prognosis.
When we face a premature patient, once the diagnosis is made, we must ensure
that we have the necessary human equipment and infrastructure to obtain the
best possible result: a pediatric anesthesiologist, pediatrician or neonatologist,
laboratory, thermal crib, thermal mattress, monitors and a pediatric intensive
care unit.
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We must also remember that with these patients in particular time is critical and
once the diagnosis is made, treatment should start immediately.
The preoperative preparation of the patient includes the pupillary dilation that is
achieved without added risks through the application of a drop of tropicamide
and undiluted phenylephrine, prior instillation of a topical anesthetic.
Under general anesthesia, a retinopexy is performed through the placement
of buckling; a strip of solid silicone 240 or 503 sponge in the middle (longitudinal section). The buckling is placed with the standardized technique for
adults, only remembering that tissues are more delicate and one must be more
careful. Once the buckle is placed, drainage can be performed with volume
replacement, if necessary. Air and the application of laser or cryotherapy in the
avascular retina should be performed, taking care of not affecting retinal areas
with traction. The silicone strip should always be placed in the same quadrant
to achieve a refined and partially reproducible technique.
Once the case is resolved, the patient should be closely followed to make the
right decisions on the subsequent management. Revisions should be made
weekly, with a gradual reduction of their frequency, until a follow-up is done every 8 months throughout the patient’s life. As this is a growing eye, ideally, the
strip should be removed within the 3rd and 5th months of placement. It can be
removed or cut to allow for the adequate growth of the eye.
The surgical technique is somewhat simple and reproducible but if we encounter a very active disease with abundant proliferation tissue, evolution can be unpredictable and requires an aggressive approach with mental clarity to define
when to stop not to cause further damage.

 12.6. CONCLUSIONS

In the end, experience will determine our decisions, and if we choose vitrectomy or buckling, it will directly be linked with the results that we obtain in our daily
practice. As possible, we should always be guided by written experience, highlighting the importance of using our criteria and a clear objective and self-critical thinking.
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CHAPTER 13
VITREORETINAL SURGERY: STAGE 4A-4B
DR. JORGE ENRIQUE ARIZA CAMACHO

 13.1. INTRODUCTION

In recent years, issues involving different aspects of retinopathy of prematurity
(ROP) have expanded and have made important progress with new guidelines
for the monitoring and follow-up of different types of cases, effective techniques
and technology for an adequate and complete ophthalmological review and
management with multiple treatments, and the combination of these, which have
allowed an adequate control of ROP and a better final prognosis.
Although retinal photocoagulation (RPC), which remains the gold standard for
early treatment, continues to show high effectiveness in active ROP, there are a
number of cases progressing to ROP stages 4A, 4B and 5 with retinal detachment (RD). ETROP showed that 1 in 10 cases treated with RPC will develop progression,1 and although the number of cases progressing is minimal, it is these
babies who in the future will develop the ROP effects and complications related
to visual and functional disability.

 13.2. RD CONSIDERATIONS RELATED TO ROP

The natural evolution of this pathology or in cases aggressive and refractory to
conventional treatment, RD will occur. This is secondary to the occurrence of
multiple factors that promote the formation of vessels, which gradually or rapidly, will progress to develop fibrovascular tissue with subsequent peripheral
retinal traction leading to RD. This RD is a detachment without macular involvement (stage 4A) at its onset. Later it will develop greater traction, making the detachment to involve the macula (stage 4B) and finally a total retinal detachment
(stage 5). (Figure 13.A).
RD related to ROP in stages 4A and 4B has a number of details and complications, which will dictate the follow-up regimen, the type of medical and/or
surgical treatment and even the prognosis and final anatomical and functional
outcome. The main points in a ROP-related RD are:
1. The progressive damage of the visual system development, significantly reducing the final visual potential.
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2. The strong adhesion of the fetal vitreous to the retina makes a complete mechanical separation difficult.
3. Patients with aphakia who have been surgically operated, even with
applied macula, will have difficulties to achieve an adequate rehabilitation and the great majority will be visually compromised.
4. The mechanism producing this RD involves both exudative and tractional forces acting on the retina.
On this last point, the acting tractional forces have 3 vectors: Anterior-posterior
traction, ring contraction at the crest level between the vascular and avascular
retina, and tangential traction of the vitreous in the Cloquet’s canal. These tractions are difficult to release due to the strong adhesion of the posterior vitreous
to the retina.2 Regarding the classification by zone and stage, RD related to
ROP zone 1 is of poor prognosis. In anterior zone 1, 64% required a RD surgery
after the application of a photocoagulation treatment, while 100% required surgery in posterior zone 1.3

 13.3. VITRECTOMY IN ROP

The main benefits of vitreoretinal surgery are:
1. The direct release of anterior-posterior fibrous and vitreous traction
on the neurosensory retina.
2. Removal from the vitreous cavity of endogenous vasodilators and angiogenic factors such as vascular endothelial growth factor (VEGF),
which play an important role in the formation of fibrovascular tissue
which could lead to RD.2
Vitrectomy has shown to be highly effective in ROP stages 4A, 4B. In ROP 4A,
progression to ROP stage 4B and 5 can be avoided, when treating vitreoretinal
traction secondary to fibrous proliferation. Initially, vitreoretinal surgery required
lensectomy with the consequent aphakia. This over time, if anatomical stability
in the posterior pole is maintained, causes a profound amblyopia, with AV results of 20/400 - 1/200, even without significant retinal pathology. With technological and technical advances, vitrectomy was later introduced, where the lens
is unaffected, and offering a better visual result, which allows for a 90% retinal
reapplication in ROP stage 4A, 4B.3 However, although with better results, the
need to perform a lensectomy will be part of the retinal surgeon’s decision, following the RD characteristics, such as the vitreoretinal traction type, the degree
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to which the retina is anteriorized, the way in which the traction involves the lens
and the lens opacity.

 13.4. SURGICAL TECHNIQUE

To perform a vitreoretinal surgery, the patient will go to the operating room
after being assessed by a neonatologist or pediatrician. This is because the
procedure will be performed under general anesthesia requiring the best possible health, due to the time it may take in some cases. It is also important to
have an adequate anesthesia team with experience in pediatric management,
as the vast majority of patients have multiple systemic alterations that pose a
great challenge before, during, and after the surgery. This sometimes makes
the proper management of anesthetic drugs difficult, as much as keeping an
optimal heart rate, the systemic blood pressure and oxygen saturation, and the
adequate extubation process to release the infant from the artificial respirator.
The surgical technique, generally the same as in vitrectomy in adults, requires
an approach through the iris root, approximately 1.5mm of the limbus, to avoid
the lens and not to provoke that the retina base is torn. Three ports are used
(infusion, endoilluminator and vitrector). A central, peripheral and posterior vitrectomy is performed. The fibrous proliferation is manipulated by trying to release the greatest amount of retinal traction. Endophotocoagulation is applied
in the peripheral avascular region, avoiding the crest between the vascular and
avascular area. A liquid-air exchange is made and a tamponade is achieved
with air, a viscoelastic agent or silicone, depending on the surgery. Recently,
with the progress in technology and instrumentation, the surgical technique has
had certain changes, making it less invasive and reducing the risks and complications. Experts can now use two ports at 1.5mm from the limbus and introduce
a light probe with infusion, with or without a pick and vitrector, to decrease the
risk of accidentally touching the crystalline with the tip of the infusion cannula.1
(Figure 13.B).

Recent visual results are positive, decreasing the risk of amblyopia, AV of 20/80
- 20/200 in 8 of 11 children aged 2.5 years in average.4,5 However, these results are prior to ETROP, where the percentage of anatomic success in ROP
stage 4 was 33% (15 of 45) with vitrectomy. This different outcomes between
studies can be explained by the severity of the cases treated and analyzed,
since surgical treatment was reserved for cases of rapid and aggressive progression or those refractory to RPC treatment in ETROP.1 Other studies have
shown that the vitrectomy where the lens is respected and with 2 or 3 ports, an
adequate clarity of both corneal and crystalline media has been achieved in up
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to 87%, with results of 74% anatomic success with a procedure and 63% of
favorable visual ability6.

 13.5. VITRECTOMY TODAY

With the recent and continuous technological advances in vitreoretinal surgery,
there are ever more options and variants for surgical treatment. In regard to the
different vitrectomy gauges that have been developed and established at present, their use will depend entirely on their availability, and the preference and
experience of the retinal surgeon. 20-gauge and recently 23-gauge vitrectomy
have shown acceptable and repeatable results, although the size of the instruments is still a disadvantage which can hamper the surgical technique and limit
the intraocular movement of the instruments. 25-gauge vitrectomy seems to be
optimal for these cases, due to certain advantages such as its being smaller,
needing less space, allowing better visualization of the posterior pole, and giving greater intraocular mobility. Also, self-sealing wounds appear, there is a
shorter surgical time and minor discomfort for the patient, and a faster postoperative recovery.
The surgical technique does not change with the placement of trocars at 1.5
mm from the limbus. In this regard, it is recommended to approach at 60°, to
create a better self-sealing wound and reduce the possibility of damaging the
lens by incidental touch, both by the infusion and the tip of the trocars. Anterior-posterior traction is liberated without aggressive maneuvers to remove the
posterior vitreous, and thus avoid the risk of retinotomies or that the vitreous
base be torn, and to perform a liquid-air exchange, leaving air as tamponade.7
(Figure 13.C).
Results of up to 86% of anatomical success have been obtained through a
25-gauge vitrectomy. This gauge has disadvantages because it is sometimes
slower when removing the dense fibrous traction, and also because of the flexibility of the instruments, that can prevent intraocular maneuvers, especially the
peripheral ones. New 25-gauge systems have less flexible instruments, and the
ability to be self-sealing is sometimes lost when approaching by pars plicata
or secondary to maneuvers that can affect scleral wounds. This might require
stitches at the ports of entry. Variants have also been proposed, such as the
preference of not using trocars because of the risk to damage the lens and
giving greater mobility and less flexibility of the instruments, especially when
treating anterior and peripheral tractions, although there is a need to suture the
scleral ports (Fig. 13D). Ideal surgical cases for 25-gauge vitrectomy are ROP
stage 4A with anterior zone I or posterior zone II, ROP 4B and some in stage 5,
if the surgical technique is changed to an approach of the limbus with lensecto
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my and the dissection of retinal membranes by trying to open and separate the
vitreous cavity to the posterior pole3.7. (Figure 13.4).
The major problem of the surgical technique in ROP stage 4A and 4B is the
strong adhesion of the fetal vitreous, as it can be extremely difficult to achieve
a complete mechanical separation of the retina. New pharmacological techniques could help during vitrectomy, promoting the partial or total separation
of the posterior vitreous. A key point for surgical success is to operate after
neovascular activity and plus disease plus have been almost or completely resolved. Otherwise there is an increased risk of bleeding, exudation, or proliferation with contraction. However, a rapid progression can occur after RPC, even
without resolution of neovascular activity. These are the controversial cases
when performing a surgery.8

 13.6. VITRECTOMY: ADVANTAGES-DISADVANTAGES

The main point for which a vitreoretinal surgery may be most effective against a
surgery with buckling, with or without retinopexy, is because the former acts directly on the RD mechanism, that is, on vitreoretinal traction. Studies comparing
both surgical treatments show that vitrectomy is considered superior to buckling in ROP stage 4.8 It has recently been reported that there is no significant difference over the final anatomical outcome between a vitrectomy compared to a
previous buckling and a subsequent vitrectomy or a vitrectomy plus buckling,
probably because the RD mechanism is not rhegmatogenous.8 Other points in
favor of vitrectomy, other than those mentioned, such as the release of traction
and the washing of angiogenic factors in the vitreous cavity, are a better, detailed and complete visualization of the periphery and structures of the posterior pole, such as vasculature, macula and optic nerve, that the application of
laser with endophotocoagulation is facilitated, compared to photocoagulation
by indirect ophthalmoscopy of the avascular region, even in small pupils, and
that a rapid postoperative recovery is achieved, as it is less invasive. A surgery
with buckling has disadvantages that require certain technical considerations,
such as that the buckling should be sectioned or removed at approximately 6
months of age. It can also produce ischemia at the choroidal level, promoting a
greater release of VEGF, distortion of the extraocular muscle vectors that result
in limitations in eye movements and visual phenomena such as diplopia, even
after severing the buckling, and alterations in refraction such as myopia.2
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Figure 13, Vitrectomy in patients with ROP Stage 4B.

Then again, vitrectomy is not free of complications, such as damage to the lens
that may cause its opacification. In some cases, it may cause an increased inflammatory response, which may promote factors that cause recurrent RD, the
possibility of producing hemorrhagic and hydraulic choroidal detachment due
to a poor position of the infusion cannula, increased intraocular pressure because of the inflammatory response, and risk of endophthalmitis, hemorrhage
and incidental damage to the retina.

 13.7. CONCLUSIONS

Currently, surgical intervention, in particular vitrectomy, continues to show constant advances in technique and instrumentation that are leading to an effective
surgery, which can successfully reapply the retina, preserve the vision in cases
of RD related to ROP stages 4A and 4B; especially when performed before
there is a macular distortion or detachment.1 It is possible that there is a genetic predisposition to progression to RD, even with an adequate early monitoring
and treatment with RPC. There are even environmental factors that could contribute to this complication. Adequate follow-up of ROP cases is essential to
monitor progression and to determine the right time to perform an optimal surgical intervention that could provide the best anatomical and functional results.
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To this end, we should not limit efforts to achieve an adequate parent-physician
link by explaining in detail the problems of ROP, the details of the treatments to
be performed, the prognosis and expectations after surgery, and the generally
catastrophic consequences if the periodic revisions are not followed. The surgical technique and the vitrectomy gauge to be used will be the decision of the
vitreous and retinal surgeon, depending on which one he is more familiar with or
has access to, and above all, it will be based on the surgical case to be treated
and the characteristics of the ROP-related RD.
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CHAPTER 14
STAGE V SURGERY
DR. HUGO QUIROZ MERCADO

 14.1. INTRODUCTION

Retinopathy of prematurity (ROP) grade 5 is perhaps the biggest challenge facing the retinal and vitreous surgeon. Especially when the anterior chamber is affected. To understand the surgical approach and prognosis, which is of vital importance to discuss with the patient’s parents, it is also important to distinguish
between different clinical presentations and useful diagnostic studies, before
deciding on a surgical approach.
Although appropriate treatment of the disease is given in the intensive care unit
for an acute stage, some eyes may evolve to an inactive (cicatricial) stage with
total retinal detachment. It is very rare that a premature infant has a total detachment of the retina in the active stage of the disease. Changes in both the
posterior pole and the anterior chamber may occur in ROP stage 5.

 14.2. CLINICAL OUTLINE OF ROP STAGE V
14.2. A. Posterior pole

ROP stage 5 is that where there is a total retinal detachment. The retina
may break off due to the formation of fibrous or fibrovascular membranes that pull the retina. In such cases, areas of clear vitreous can be
observed in the ocular fundus, along with traction membranes. In most
severe stage 5 cases, all the vitreous is replaced by a large membrane
that pulls and detaches the retina, usually forming a T-shape retinal
detachment.
Less severe stage 5 cases, where there is still a transparent vitreous
and is feasible to assess the anatomy of the retina by indirect ophthalmoscopy, are more frequent in patients with an appropriate prophylactic treatment in the intensive care unit. As discussed in other chapters,
it may be with the use of a laser, an anti-antigenic therapy or a combination of both. An article by Kychenthal and Dorta1 reports favorable results in stage 5 eyes where an anti-antigenic treatment was performed
in the active stage of the disease.
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The most severe stage 5 cases are found in patients who were not submitted to the indicated treatment during their stay in the intensive care
unit. It is interesting to see the diversity and discrepancy of anatomical
and visual results in the statistics of first world countries, where exploration of premature infants at risk of the disease and their treatment
are conducted in time following the international recommendations of
surgical results in patients who were never reviewed or treated in the
intensive care unit. Treated patients develop less aggressive conditions in contrast with those who were not detected or treated.
In aggressive forms again, which are the cases where collagen is deposited throughout the vitreous, transforming it into a large membrane,
retinal examination is not possible due to the thickness of the membrane. During exploration, a white membrane (leukocoria) is found in
the pupillary area and behind the clear lens, preventing the evaluation
of the retinal configuration. Sometimes this large retrocrystalline membrane moves the iridocrystalline diaphragm towards the anterior part of
the eyeball producing a narrow chamber.
Currently, due to the greater survival of premature infants with a few
weeks of gestation, the disease is ever more observed in the aggressive posterior zone I, that in spite of receiving an appropriate treatment, can evolve into stage 5.
Retinal detachment in ROP 5 can be classified as follows:
Considering the retina from the avascular zone or its insertion in the
pars plana to the optic nerve as a funnel. This can have different configurations, which are not observed in other types of retinal detachments and can vary in the four quadrants of the same eye.
Retinal detachment configurations:
• Open or closed funnel in the front with or without eccentric traction
• Closed funnel in the center
• Open funnel in the back
• Open funnel
Unfortunately, in eyes with a more aggressive condition, i.e. those who
did not receive a prophylactic treatment with laser or an antiangiogenic
therapy, an open funnel configuration is less common. Depending on
the severity of the case, the subretinal fluid may be transparent, citrine
yellow or hemorrhagic. Hemorrhagic fluid is the most severe, since it
has a greater possibility of damaging the function of photo-receptors.
Although a retinal configuration has an open funnel configuration and
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this is anatomically re-applied postoperatively, the visual function will
be very poor due to the degree of atrophy the retina has had (figure
14.1).

Figure 14.1 Histopathology sheet showing retinopathy of prematurity stage 5 with important subretinal eosinophilic exudate. Atrophy of the retina is evident, together with
alterations of the anterior chamber. (Courtesy of Dr. Alfredo Gómez-Leal).

14.2. B. Anterior segment

There are two important conditions to consider in the genesis of the
changes in the anterior segment:
1. Presence of the tunica vasculosa lentis
2. Anterior displacement of the irido-crystalline diaphragm by the
retrolental membrane
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The presence of the tunica vasculosa lentis can be confused with
rubeosis or coexist with it and its involution can cause a pupillary
membrane as a sequel. It can also be accompanied by the presence
of posterior synechiae that the unexperienced ophthalmologist could
confuse with uveitis.
The presence of a narrow chamber secondary to the retrolental membrane may cause an angular closure with anterior peripheral synechiae. This condition may worsen if there is a tunica vasculosa lentis.
Glaucoma secondary to ROP stage 5 can be observed as buphthalmosoes and the presence of corneal opacities may be secondary to
both secondary glaucoma and the narrow chamber that can produce
iris or crystalline synechiae into the corneal endothelium.

 14.3. PREOPERATIVE TESTS

Clinical examination under pharmacological dilation is very useful for assessing
the presence of posterior synechia, a retrolental membrane and the retinal status. In patients in whom no light response is observed, the best way to assess
the presence of a functional retina is the visual evoked potentials (VEP).2
Examination under anesthesia (EUA) is helpful when it is performed the same
day of the surgery to assess the benefits of this surgery and also to select the
eye to be operated. When the in-office examination does not provide the desired data, it is also recommended to assess the severity of the case and intraocular pressure. (Figure 14.2).

Figure 14.2. Photograph
of leukocoria showing a
retrocrystalline membrane
and posterior synechiae in
a serious ROP 5 case
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Ultrasound is probably the most useful study in ROP stage 5. This has to be
routinely indicated. Sometimes it can provide information if the funnel is open,
there is subretinal blood and to rule out the existence of other pathologies such
as tumors.

 14.4. SURGICAL APPROACH
14.4. A. Anterior chamber formation
This procedure, which I have done in some cases, is a measure to
prevent corneal opacity of the eyes with a very advanced pathology
and where surgery is not planned. When it has been decided, in agreement with the parents, not to perform the vitrectomy and there is no
VEP response, it is usually recommended to form the anterior chamber
with a viscoelastic to separate the iris from the cornea and prevent the
formation of a corneal leukoma. This procedure is very simple. With a
30-gauge needle a viscoelastic is injected into the anterior chamber
and at the same time subretinal fluid is drained (about 3 mm from the
limbus). In most cases, the formation of a corneal leukoma can be prevented. This is basically for a tectonic, non-functional purpose.
14.4. B. Open-sky Vitrectomy
This procedure was designed by doctors Charles Schepens and Tetsuo Hrose.3 It is currently conducted in some centers, such as in Boston, MA, despite its being controversial for its poor results associated
with the severity of the disease in which this technique is recommended.
This procedure consists of the removal of a corneal button, to place it
temporarily in a culture media or dextran,4 perform a lensectomy with
a cryo-probe, a membranectomy, drainage of subretinal fluid, injection of viscoelastic material to break synechiae and re-apply the retina.
Corneal button suture.
In my personal experience in more than 200 cases, retinal reapplication was no greater than in 30% of the cases and the visual acuity
achieved is for ambulatory vision that can sometimes disappear if the
membrane re-proliferates5 (Figure 14.3). Speaking generally of pre-retinal membranes, the smaller they are, the less likely they are to recur
and vice versa.
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Imagen
Figure 14.3.
Postoperative photograph in a severe
ROP 5 eye that had
an open funnel and
the retina could be
completely re-applied.
A corneal button
scar and a photograph focus on the
optic nerve can be
observed

14.4. C. Pars-plicata vitrectomy

Because the eyes of lactating patients do not have pars plana, the approach is
pars plicata. Two modalities have been described with or without lensectomy.
In mild cases, a clear lens can be preserved6. (Figure 14.4). In cases where
retinal detachment or vitreous membranes are touching the posterior capsule,
lensectomy is necessary. It is very important to emphasize that the lens and the
anterior and posterior capsule should be completely removed since remnants
of it can be an important factor of reproliferation.7

Imagen

Figure 14.4. Vitrectomy in a pars plicata approach with two ports. One port for the vitrectomy
probe and one for the infusion endoillumination probe. (Courtesy of Dr. Trese).
Retinopathy of Prematurity

126

A 25-gauge vitrectomy is ideal for these cases, although it is not advisable to perform it in a transconjunctival approach.8 For several reasons, stitches have to be sutured with Vicryl 8-0. The use of panoramic
non-corneal contact lenses such as BIOM and Resight allow an adequate visualization in a membrane dissection. In this approach it is not
necessary to drain subretinal fluid nor to reapply the entire retina at the
time of surgery. Its goal is to remove the membrane and allow it to reapply at the time the subretinal fluid is reabsorbed. It is very important
to avoid retinotomies or induction of peripheral dialysis when introducing instruments such as scissors or tweezers.

 14.5. CONCLUSIONS

ROP Stage 5, with its high severity, may produce a range of alterations in both
the anterior chamber and the retina. The surgical approach in very severe cases
can lead to ocular atrophy and the surgical decision has to be made based on
the viability of the retina and the understanding and discussion with the parents.
Despite successful anatomical success, functional success is often limited.
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CHAPTER 15
RETCAM AND RETINOPATHY OF PREMATURITY
DR. L. CONSUELO ZEPEDA ROMERO

 15.1. INTRODUCTION

The population of premature infants in the first weeks of life is the group of patients most at risk for irreversible blindness. In our country, due to constant improvements in public health, the survival of the premature patient has improved,1
thus increasing the number of patients susceptible of visual impairment caused
by retinopathy of prematurity (ROP).2
Preservation of the vision in the neonatal period depends on the prevention of
the disease and the appropriate limitation of the damage, through a timely detection and treatment. Screening is the basis for ROP blindness prevention. Visualization and interpretation of the findings require a highly experienced staff,
which is not available in all neonatal care units where premature infants at risk
are attended to.3

 15.2. RETINAL IMAGENOLOGY

Retinal photography has been practiced for decades with analogical systems.
Although it is available for pediatric patients, its technical difficulties limited its
application, being mostly practiced in adult patients with the application of contrast media such as fluorangiography.4
At the end of the 1990s, the advent of the 120 RetCam provided a greater field
of imaging, facilitated its application in the pediatric patient, and made used of
great strengths of digital photography:
•

Accurate and objective documentation of findings and clinical details, compatible with the electronic clinical record.

•

An easier clinical review, chronological comparison and case follow-usp.

•

The portability and revision of cases, until the development of telemedicine networks.
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•

Improvement in the quality of the teaching and training of human resources, and an improvement of the quality of information provided
to the patient’s family.

•

The feasibility of using digital applications and computer programs
for image interpretation.

•

A reliable resource in the limitation of professional responsibility in
legal medical cases.

•

Situation of digital photography and the evaluation of retinopathy of
prematurity in Mexico.

 15.3. COST-EFFECTIVENESS OF DIGITAL PHOTOGRAPHY

In our country 130-degree digital photography has been considered inaccessible because of its high cost. It is available in large hospitals in major capitals,
where it is used for teaching and documenting clinical findings of special cases.
Investment in digital photography must be evaluated because of the number
of cases it benefits. Once validated as an instrument for the practice of telemedicine, the cost effectiveness of the camera is high, considering the number
of patients it benefits and the social cost of the years of blindness avoided. Its
application would optimize the time of the few ophthalmologists trained in diagnosis and treatment, delegating the visualization and documentation of findings
to non-ophthalmologist personnel, thus avoiding risky transfers for the detection
and confirmation of cases of premature patients who do not have a severe ROP
5
.

 15.4. FUTURE OF DIGITAL PHOTOGRAPHY IN RETINOPATHY
OF PREMATURITY

Digital photography has initiated a wide range of clinical, scientific and teaching applications.6 Although it has a variable application in different studies, with
high specificity, the application of RetCam technology in telemedicine networks
still needs to be validated.
Our country is important in the development of applications that increase the
objectivity in the measurement of the findings of retinopathy of prematurity,
such as the Retinal Image Multi-Scale Analysis (RISA) developed by Dr. María
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Elena Martínez of the Research Institute in Applied Mathematics and Systems
of UNAM. This measures the dilation, length and curvature7 of vessels and is
used by RetCam technology centers validating telemedicine.8 (Figure 15.1).
The automated measurement application could objectively regulate the diagnosis of Plus disease.9

Figure 15.1 AD. Steps of the RISA system. A. Selection of an image of interest. B. Segmented
image with extraction of vessels. C. Calculation of the skeleton, identification of bifurcation,
crossing and terminal points. D. The vascular skeleton is analyzed from the optical disk, each
portion of the vessel between a terminal point and a bifurcation or between bifurcation and
bifurcation receives an identifier. Each portion is called a vessel segment. RISA measures the
geometry of the vascular tree and requires at least one bifurcation. Image courtesy of Dra. M.
Elena Martínez-Pérez.

Capturing images with a contrast medium allows to identify changes of the disease that are not clinically visible. Identification of these changes could alert of
the need to medically modulate the evolution of the disease.10 (Figure 15.2).
The contact photograph has the disadvantage of the compression artifact.11,12
It is necessary to develop a technology that provides information about the
quality of the camera contact on the ocular surface, thus avoiding to modify the
vascular findings and to injure the fragile patient.13
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Figure 15.2. Right eye, fluorescein angiography, arteriovenous phase retinopathy stage 2, with
“pop-corn” presence, isolated retinal vitreous proliferations.

Blindness caused by retinopathy of prematurity compromises the individual’s
vision from the first years of life. In case of medical malpractice, it is “the most
expensive lawsuit in ophthalmology”. Ideally, its treatment must be documented through digital photography, especially those cases referred by a non-satisfactory evolution, thus delimiting the medical-legal responsibility of the medical
team involved.6 (Figure 15.3).

Figure 15.3. Left eye of premature, serious patient with a partially treated aggressive posterior
retinopathy of prematurity, referred due to a “persistence of Plus disease and neovascular
membrane”, which is adjacent to the retinal area without laser ablation.
Retinopathy of Prematurity
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The clinical documentation of retinopathy of prematurity and its rapid evolution
is difficult to record without digital photography, which becomes an essential
resource, since it allows to extend the coverage in screening to improve the
quality of diagnosis, treatment and teaching; and is a better delimitation of medical-legal responsibility.14-15
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 16.1. VISUAL IMAGE

Impressions of the world for a human being begin in the first months. During
this time, a large archive of images will be given form, structuring memories,
strengthening learning and therefore offering weapons of survival, which will
develop several types of intelligence. Studies of artificial intelligence and pattern
recognition have shown that the brain recognizes shapes, movement, depth
and color through strategies that no computer can execute. Directing the look
and achieving the recognition of faces, learning letters, landscapes, involves
the participation of multiple brain areas that receive different stimuli through
complex nerve pathways. Starting from the retinal photoreceptors, the stimulus
to the thalamus, a complex brain region for information processing, will initiate
a series of interrelated connections with other sensory elements. From this, the
corticofugal path is formed, with synapses that will reach the primary visual cortex. Beyond it, in the extrastriate cortex there is a set of visual areas of a superior
order. This complex image will go through the large visual pathways towards
multimodal sensitive areas, areas of parietal cortex integrating somatosensory
information for three-dimensional perception, planned manipulation of objects
and especially for spatial representation; and towards the temporal cortex for
the recognition of objects, faces, etc. Visual sensory information also converges
in areas of the frontal cortex, which integrates the information into a polysensory stimulus, with profuse interconnections in areas of association responsible
for the planning of motor acts, planned thinking, short-term memory, and consciousness and reasoning phenomena. The angular circumvolution, related to
language, receives visual and somatosensory afferences and allows the association of reading, speech and touch through vision. This is required for the perception and attention of the interaction between the visual pathways of almost all
cortical levels, for the reciprocal connections and synthesis of images in multiple
stages. The prefrontal cortex, the claustrum and pulvinar nuclei, among others,
give shape to the mechanisms of attention for the visual information to become
a coherent perception. Recent PET (Positron Tomography) studies show that by
imagining a letter “a” with the eyes closed, the primary visual cortex is activated
just as if viewing the letter with the eyes open, demonstrating that the actual
visual perception will structure the visual imagery. Similarly, many tasks which
require visual images of the memory are used for body representation. The importance of the visual function lies in the ability to achieve the phenomenon of
selective attention, a function through which a direct connection is made to a
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novel stimulus with an ability to maintain alertness. This selective attention facilitates other brain responses, for example, neurons in the prefrontal cortex
and superior quadrigeminal plate will be activated for movement planning and
motor strategies following attention.
The vision then obtains information about the world around us, to contribute it to
other cortical and bodily functions such as directing the body, establishing concepts of space, proprioception, mapping, empathy, among others, and through
this, to offer to the human being elements of survival, development, intelligence,
memory and the conscious self1.

 16.2. VISUAL DEVELOPMENT

The eyes are the visual neuronal transducers of the brain. In the brain, the image will be formed from the stimuli obtained by both visual pathways. This is
called fusion, but this unique brain image has special characteristics of depth
or third dimension, i.e. stereopsis, and it will be sent to the rest of the brain for
even more complex sensory-visual functions2.
By the first trimester of gestation, the visual pathway has already an important
development. The tract from the ocular retinas to its first neuronal relay in the
lateral geniculate nucleus, via retinothalamic, is integrated by week 10. The
next tract in formation is the corticofugal path that connects the lateral geniculate nucleus with the striate cortex, visual occipital area and finally the columns
of ocular dominance develop in the third trimester of gestation. The visual information of both dominance columns will be connected through binocular neurons that will favor the simultaneous and harmonious participation of both visual
pathways, an indispensable neuronal substrate for the positioning of the eyes
at different distances and rotations.
From the occipital visual area and with a complex, three-dimensional, unique
image with color and contrast, the information will go to the rest of the brain
through two great pathways of different functions: the magnocellular pathway
that is responsible for the perception of the speed of objects, direction, movement and coarse stereopsis, which travels through parietal-temporal structures
of the brain and whose relation with the prefrontal cortex allows the construction
of the spatial map and its coordination with the hand achieves the fine motor
acts of reach and grasp. The parvocellular pathway goes through the temporal
lobe and provides the data for identification of objects, size, texture, fine stereopsis, its relation with cerebral limbic and hippocampal structures, that allows
the association of objects with the event, emotions and motor acts , so that the
image is preserved as a structured memory; an example of this is the recognition of faces. The relationship of the parvocellular pathway with linguistic
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and auditory structures allows learning to read aloud. Birth is a genetic signal
for the onset of apoptosis or programmed neuronal death. This means that the
retinal cells that form from the eighth to the thirtieth week of gestation reach up
to 2.5 million and then will rapidly decrease by this process of programmed
death from a few weeks before birth and after birth to reach about 1 million.
This involves the possible conflict in the premature child whose cortico-visual
structures have not completed by the time they are born, and this might trigger
the death of non-synaptic neurons.
The development of the visual pathway is complex and occupies several phases
of prenatal and postnatal development of the child. The optic nerve is formed
in the eighth week of pregnancy and the brain can respond to light at week 27
or 28. Ocular growth at the end of pregnancy is important. Between weeks 22
to 38 of gestation, there will be a growth of the transverse diameter from 9.57
to 15.82 mm, and of the axial diameter from 10.77 to 13.80 mm. At birth, there
is a length of approximately 17 mm and at 3 years old, it reaches 22.5 mm.
The shape and size of the eyeball in children at this age will be associated with
hypermetropic and astigmatic refractive defects. When the baby is born they
usually have a farsightedness of about 3 diopters, because the eye has a small
axial length.
From the age of 3 the eye usually increases by 0.1 mm per year until the age of
14, when it reaches adult size of around 24 mm. Therefore, the greatest growth
after birth is in the first 3 years of life.
When the baby is born on time, their eyes are practically formed. But even when
there are complete structures, the child’s vision at birth requires more stimuli to
mature. Cells still have no ability to adjust at different distances and they cannot
direct and focus correctly. In the first few moments, it only perceives easily the
sensations of clear and dark, the mobility of the eye is very limited, as is visual
acuity. After a few hours, they perceive the images about 30 centimeters away
in black and white and react by closing their eyes and turning their head from a
blazing light. During the first months, the look is stimulated by colors that offer
greater contrast, especially black and white.
That is why, since the child is born, the first ocular assessment must be performed to show the integrity of structures. The neural functions of empathy allow
that at 15 days of birth and with a still unclear vision, the child shows a clear
preference for faces and at the end of the first month, he recognizes the face of
the mother, among others.
At one month of age, the child is able to pass from the perception of light-dark
contrast to that of some colors such as red and green. During the second month
he shows greater sensitivity to bright objects.
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In the third month, he begins to follow the movement of objects. This function
begins by visually tracking large objects with a lot of contrast of colors and that
move fast. With the passage of time, this evolves to the tracking of small objects, with lower contrast and slow motion. After 4 months, he reacts by turning
his head and opening his eyes wide when an object is too close and it is at 4
months also when the eyes must be straight and the movements must be coordinated. Thus ruling out strabismus or severe visual preferences. Thanks to the
progressive mastery of binocularity, three dimensions are perceived and the
distance of images and objects is estimated. The development of 600-arcsecond stereosis per week starts. In the sixth month, he perceives, apart from that
already mentioned, the colors blue and yellow and he will progressively perceive the values and intensities of the others. From this age on, the colors that
are more attractive those bright and alive.
At one year, and in precocious children even from 8 months, they can establish
the functions of accommodation and convergence for a close approach. This is
a risk situation that may cause strabismus secondary to an accommodative effort. From the age of 24 months, an annual revision is recommended, especially
in the proximity of the pre-school stage and during it. The development of the
eyeball in adolescence may be determined by genetic information. It is therefore important to monitor the occurrence of refractive defects such as myopia
and astigmatism.
The newborn’s vision can be considered of around 20/400 or bodies should be
seen 1 meter away. At one year of age it reaches 20/100 and it develops slowly until reaching 20/20 between 5 and 6 years of age. Myelination of the optic
pathway will end at 10 years of age. This defines a critical period with great
vulnerability of the visual function that occurs between the 6 to 18 months and a
plastic period that refers to the changes in the neuronal structures of the visual
path and that stabilize at age 10 to 12. It is for this reason that visual treatments
in patients with ocular alterations must be performed at this time effectively and
early.

 16.3. THE PREMATURE CHILD

The evolution of brain areas involved in vision occurs at different stages and it
is not until after birth that they are completed for the start of image perception,
their transmission, processing and comprehension. The multiple cortical structures required to complement the attention phenomena need an interrelated
integral maturation. When a premature birth takes place, it may occur that the
formation phases of visual structures are still incomplete. There may be defects
of formation or add these secondary damages to the inherent complications of
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prematurity. There are ocular elements whose growth continues until the end
of the third trimester, such as the corneal diameter and radius, that in premature infants can induce myopia, due to the smaller diameter of the cornea and
greater flattening of the anterior chamber when growth stops. Retinal thickness
is also possible, as is the increase of crystalline layers that in the premature
child would produce a more spherical lens. These ametropia defects will continue during ocular development in infancy, with refractive errors four times
more frequent than children born on time (29.6% vs. 7.8%), changes in contrast
sensitivity, defects in blue-yellow vision , campimetric alterations without corresponding retinal damage, etc.
Prematurity is related to alterations in neurological development in 50% of cases and is directly related to birth weight. It has been shown that a great percentage, almost one-fifth of these children, will suffer poor cognitive development
after 8 years of age. A premature birth with low birth weight has been associated with mild to moderate cognitive impairment in 50 to 70 percent of cases,
learning impairments, intellectual malfunction or attention deficit.
In the study by Orozco et al to premature infants, 23.5% had psychomotor retardation with normal mental development, and 23.5% had mental retardation
but normal motor skills. Co-morbidity was as high as 82%, with anemia, hyaline
membrane, neonatal sepsis, bronchopulmonary dysplasia, persistent ductus
arteriosus, ventricular hemorrhage, seizures, apnea, acute renal failure, intravascular coagulation, hydrocephalus and hypovolemia. The statistical correlation in this study demonstrated greater retinal disease with greater systemic
disease3.
Among the complications in prematurity with the greatest relation to later disability are: perinatal hypoxia, periventricular hemorrhage, bronchopulmonary
dysplasia, as a prolongation of the perinatal period in conditions of inadequate
oxygenation, nutritional deficit and periventricular leukomalacia.
The most common cause of visual brain damage in children is the perinatal hypoxic-ischemia that is most often seen in premature infants. The brain’s ability
to recover will depend on the site affected, the magnitude of the injury and the
degree of prematurity. Today, hypoxia lesions have been stratified in different
areas, and visual manifestations will depend on the affected site: primary visual
cortex, associative cortex, optical radiation, optic nerve and visual attention
pathways. Occipital cortex lesions are related to different degrees of cortical
blindness, in which any residual function must be detected as th possibility
of recovery of areas of lesser damage, since the accelerated plasticity of the
child could improve the retino-thalamic structures, as has been shown in animal studies. The lesions of the associative cortex can generate campimetric
alterations with specific visual changes, depending on the degree of injury to
the parietal visual system or the temporal system. This can occur with even
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normal visual acuity, but with alterations in the perception and cognition of the
objects. This diagnosis must be concluded adequately, since the degree of visual ability does not necessarily represent the good development of visuomotor
skills. Optical radiation injuries can occur in premature infants due to the death
of oligodendrocytes and basal neurons, which are important in the formation of
interconnections between the thalamus and visual cortex for care mechanisms.
The periventricular leukomalacia due to a lesion of the white matter may allow
the association of spastic diplegia due to a lesion of the cortico-spinal pathways
and visual disturbances with poor central or lower altitudinal vision. Chances
of recovery have a worse prognosis than direct injury to the primary visual cortex. Injury to the second cranial nerve is frequently associated with different
degrees of damage to the visual cortex. When this occurs with periventricular
leukomalacia, the optic disc may have the shape of an excavated nerve similar
to glaucoma. This probably represents trans-synaptic degeneration of the visual pathway and not only a primary lesion to the optic nerve. The mechanisms of
attention to perceive images depend on the integrity of the frontal cortex (frontal and supplemental ocular fields), pale balloon, caudate nucleus, putamen,
where the connections between the thalamus and the visual cortex become
important again. This is frequently damaged when leukomalacia occurs. Also,
damage to the posterior system, involving the lower parietal cortex, superior
colliculus and pulvinar can cause alterations in planning4,5,6.
The visuospatial skills the child must acquire in the months following his or her
birth may be severely retarded in the premature child, especially the motor
ones, suggesting a direct consequence of prematurity on the organization of
visual centers and pathways, apart from the sensory alterations brought about
by the greater frequency of strabismus7.
Consequently, altered visual functions can have repercussions on attention
deficit, dysgraphia, difficulties in the organization of vocal play, articulatory and
comprehensive processes, less dialog with the mother, less imitation, less interest in interplay, difficulties in the use of phrases and prayers. It has been shown
that psychological aspects are linked to prematurity, along with attentional deficits, and other disorders such as depression, anxiety, opposition, behavior disorders, etc.
The degree of ocular lesion as a sign of hypoxia may be related to a visual brain
injury and neurodevelopment. Msall demonstrated a close correlation between
the degree of a retinopathy of prematurity lesion and alterations in neurodevelopment in children studied at 5.5 years of age. It was found that a favorable
vision is related to a 25.4% loss in self-sufficiency, 5.2% locomotion impairment
and 22.4% of cognitive and communicative alterations. In contrast to premature
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infants who did not maintain a favorable vision in which there was a 76.8% loss
of self-sufficiency, 42.7% of motor impairments and 65.9% of cognitive alterations8.
When premature infants weighing less than 1251 g were re-examined, aged 8,
it was found that those with a favorable vision, had problems in math in 22%,
reading 23%, and writing in 16% compared with children with visual impairment
where difficulties in math were 66%, reading 70% and writing 73%. Cerebral
palsy was higher in those with visual impairment (39% vs 16%), developmental
impairment (57% vs 22%), autism (9% vs 1%), epilepsy (23% vs 3%), special
education (63% vs 27%), and low academic performance (84% vs 48%)9.
It is clear that ophthalmologic morbidity is greater in the premature child, so
that neurological alterations due to prematurity are added to those generated
by poor visual information, resulting in delayed visual and psychosocial development. Studies of premature infants who reach adolescence show: IQ impairment, higher prevalence of cognitive alterations, aggressiveness or delinquent
behavior, attention deficit, low school performance, paternal overprotection and
a marked increase in children with cerebral palsy. Studies in young adults have
found a greater number of neurological disorders manifested reduced neuropsychological functions, a quality of life impairment and psychopathology that
affect the independent life of a good number of cases10.

 16.4. STRABISMUS

Strabismus occurs frequently in premature infants. Its causes can be several.
The suffering at the neuronal level of a premature birth can cause damage to
the retina, visual pathways, motor, or brain structures for attention. This gives
way to a variety of strabismus manifestations in premature infants. Prematurity
is a condition for the genesis of strabismus, the lack of maturation of structures,
the presence of macular ectopy or poor visual development resulting from effects of retinopathy of prematurity. Strabismus, in turn, can cause greater sensorimotor deterioration with varying degrees of amblyopia. The frequency of
strabismus in a study by Holmstrom et al was 13% of the population of premature infants with less than 1500 g. This figure has been reported in up to almost
20% of children with retinopathy of prematurity and 10.4% in premature infants
without retinopathy. Children with a cryogenic treatment had up to 40% strabismus, compared to 10.3% of untreated ones. When there were neurological
complications, strabismus was more frequent (34% of children), but strabismus
levels in children without neurological effects were higher (9.4%) in the healthy
population. Amblyopia was present in 28% of cases with strabismus. Neurological complications, anisometropia, the presence of retinopathy and the need for
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treatment are risks for the development of strabismus. The study by Holmstrom
et al shows an absence of stereopsis in almost 20% of children who could be
studied. Nystagmus was detected in 4.5%, especially associated with severe
retinopathy. A good visual acuity was demonstrated in only 53% of the children,
which was not directly related to the incidence of retinopathy or neurological lesions, suggesting that only a birth with low weight and in prematurity is sufficient
to cause a suboptimal vision risk11.

 16.5. AMBLYOPIA

The term “amblyopia” refers to a neurodevelopmental defect of the visual pathway, which, together with poor vision, causes neuroelectric, neurochemical and
neuronal atrophy alterations, which affect the adequate functionality of both
eyes. In view of an asymmetric development of the visual pathways, for example by strabismus, there will be neural changes that damage the eye and the
pathway from which it is not a fixator and generate a dominance over the visual
pathway of the preferred eye. Therefore, and, most importantly, both images
cannot be fused, preventing the development of “binocularity” and stereopsis.
The child will have to perform adaptive mechanisms using only one eye and
perceiving clues that suggest the idea of depth, but that can never make up
for the binocular image. Amblyopia can be caused by strabismus, refractive
defects, significant difference in structure and size between both eyes or the
presence of an ocular alteration.

 16.6. PERINATAL HISTORY

In the premature child, all information is important. Maternal antecedents during
pregnancy are important to have a panorama of the health with which the formation of the neural and early ocular structures took place. The causes and
conditions of prematurity, low weight, intensive care, postnatal complications,
etc., are relevant to identify the capacity of recovery and prognosis. Effects in
the different visual structures, both external and cerebral, will be a guideline for
directed stimulation. The existence of associated diseases such as chromosomopathies and other malformations make up the prognosis for rehabilitation.
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 16.7. VISUAL EXPLORATION
NEWBORN
The degree of injury to the eyeballs and attachments should be determined. Any treatment for retinopathy should be carried out with extreme care, as well as handling damage to other structures such as
the existence of cataracts, etc. Since optical pathways continue their
maturation, it is to be expected that eye movements do not have an order and are not yet conjugated. Starting from the normality of the axial
length of the healthy eye, which is approximately 17 mm, secondary
myopia associated with prematurity should be ruled out.
1 MONTH OLD
The process of monitoring retinal and cerebral structures should continue. Transfontanellar ultrasound can determine the existence of
bleeding. Since fixation and attention to light should be initiated at
this stage, light should be favored. If the child continues in intensive
care and is maintained with eye protectors, corrected age assessment
patterns can be recommended and the subsequent visual stimulation
initiated. Postural reflexes from the eyes can be explored.
There is no consensus regarding the need to correct the age of the
premature newborn for evaluation of visual motor behavior. The results
of the study by Albuquerque et al suggest that correction of gestational age may be a determining factor for reliable responses on the visual
behavior12.
NEXT POSTNATAL MONTHS
Once the treatments required in the premature child have been resolved, the ability to search for light and postural reflexes of the eyes
should be determined. Ideally there should be an adequate fixation
of each eye, and the light stimulus must subsequently pass to large
objects and then to smaller objects. Eye-hand coordination and coordination of eyes and eyelids should be encouraged, favoring reflexes
to grasp, reach and hold.
4 POSTNATAL MONTHS
Unless the corrected age is required, ideally all children should have
their eyes straight after 4 months and eye movements must be coordinated and complete. There should be no further deviations. Any
strabismus is considered pathological and its treatment should begin.
The ability to locate a light source must be present. If myopia or amblyopic refractive defects are detected, they should be corrected with
glasses.
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6 MONTHS
Cephalic support, range functions, object tracking and color perception should be favored. At this age, eye contact should be established,
fixation must be maintained, the mother and objects should be recognized, and a social smile demonstrated. In some children, close
approach may begin. Stereopsis should already be good. The occurrence of strabismus, amblyopia, secondary myopia, abnormal cephalic movements, nystagmus or torticollis should be monitored.
8-14 MONTHS
Encourage crawling, exploration with two hands, reaching objects and
proper grasp. The direction of hands, arms and feet should correspond adequately to the approach and improve progressively. It is
the most frequent age of onset of strabismus associated with hypermetropic refractive defects. Treatment should be initiated as soon as
strabismus is diagnosed and the progression of amblyopia be avoided. Visual-spacial functions should mature well as should also tracking and saccadic movements. Retinal fixation should be encouraged
in case of nystagmus.
2 YEARS
Remote vision should already be good. If refractive defects exist they
should be corrected. Children with strabismus should be treated. Recognition of should should be encouraged.
4 YEARS
Vision should be around 20/40. Stereopsis should be fine. This it is
monitored by means of special tests. Children with strabismus should
be under treatment.
6 YEARS
A 20/20 vision should be stimulated, as well as binocularity. Color
changes must be determined. The acquisition of visuomotor skills
should be closely monitored. As a general rule, strabismus, which has
already been treated, should be monitored for possible relapse.
7-17 YEARS
Adequate progression and acquisition of visuomotor skills will allow
the best development of learning and memory. The occurrence of refractive developmental defects such as myopia should be monitored
and corrected with glasses.
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Children with apparent healthy development can be reviewed annually. Asthenopia refers to symptoms of ocular fatigue. It manifests most frequently in
children during close work and it can be caused by strabismus or refractive
defects or the combination of both. Since the child does not have a comparative
parameter to say he does not see well, there are some suggestive data, such
as twisting his head to focus, winking, complaining of eye pain, headache, discomfort to light, persistent stinging, persistent twitching in the form of a nervous
tic. There are also symptoms associated with school performance, such as errors when copying, typing, reading delays, and even behavioral and attention
changes. If there are frequent changes in refractive defects, monitoring should
be closer13,14,15,16.

 16.8. CHILD EXPLORATION

Since more than 60% of children with visual impairment have at least one additional deficiency and many of them have visual deficits in both the anterior
and posterior pathways, it is important to make a global and multidisciplinary
diagnosis of the neurological, sensory and visual status of the child. Therefore
it is suggested to determine:
1. Neurological status of the child.
2. Assessment of visual skills, image quality and degree of damage in anterior visual pathways.
3. Evaluation of visual perception, degree of attention and processing problems.
4. Evaluation of the level of acquisition of visuomotor skills, learning and memory.
5. Evaluation of the effect of visual function on early care and
special education.
6. Psychosocial disturbances and other neurosensory lesions.
Detection of alterations in communication, interaction, motor
skills, orientation and spatial conception.
In visual exploration, visual acuity, visual preferences, alternation, gaze fixation,
contrast sensitivity, perception of colors and shapes, fixation type, movement
perception, light adaptation, pupillary reflexes, degree of integrity of the visual
field are to be recorded. Record all eye lesions.
The exploration of visual acuity can be performed by preferential vision in young
children (Preferential Looking Test), and then continue with Snellen or Lea Hyvarinen cards to be quantifiable.
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In ocular movements, the ability to follow objects, saccadic movements, speeds,
integrity, reduced gain or dismetry of saccadic movements, optokinetic nystagmus, coordination in the versions and vergences, vestibular reflexes must be
determined. Psychometric, memory, personality, and intelligence tests can be
useful in detecting failures in specific areas.
Diagnostic support studies to determine visual pathway damage are visual
evoked potentials, electroretinogram, computed campimetry, among others,
and complement the degree of neurological damage with tomographic or magnetic resonance imaging17.

 16.9. VISUAL STIMULATION

According to the visual cerebral damage to be started, the perception of lightdark contrasts should be favored. Favor the fixation and support of the look with
the use of lamps, Christmas lights, bright lights, aluminum plates, mirrors. Favor
the identification of faces, the perception and reach with the hand of ever smaller flashy, colorful objects. Stimulate reach and grasp using mobile phones,
pacifiers, toys, soap bubbles, rattles, cookies.
Favor a fine search and control of the fingers, exercise the stringing of buttons,
use containers with rice, beans, etc.
Practice drawing forms with the hands, making circles, following roads, etc.
Improve attention times, maybe with the use of so memory games.
The adequate functionality of short-term memory must be determined. It is important to apply psychometric tests for the detection of visual-spatial and memory disorders.

 16.10. TREATMENT

The treatment of visual alterations in premature infants will depend on the completed ophthalmologic diagnoses and also on the neurological attention to improve the conditions of the premature damage.
The frequency of refractive defects, especially myopia, involves the correction
of these defects in order not to add a more amblyopic factor or delay in fixation.
Visual, attention and motor stimulation should be started from the first weeks of
birth to avoid or compensate for any delay in the acquisition of visuomotor skills.
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The treatment of amblyopia and strabismus should be started as soon as the
diagnosis is made. This implies sensory management and motor management.
Glasses
Refractive defects can be corrected with glasses for children. It is one of the
best aids for the treatment of strabismus. In childhood, the predominant refractive defect is hypermetropia, which must be corrected in its entirety in case of
esotropias or convergent deviations. In premature infants, early-onset myopia
should be detected and corrected with glasses, as should be astigmatisms
which, due to its magnitude, may affect visual developmental failure (ametropic
amblyopia).
Occlusion
So far it is the most effective treatment for amblyopia rehabilitation and visual
fixation. It should always be indicated and monitored by an ophthalmologist.
Adhesive patches are used and the schedule is indicated depending on the
damage. A degree of occlusive treatment is usually maintained to prevent relapse.
Optical penalization
It is a method complementary to occlusion. It is used in amblyopia of a lesser
degree where a modified optical graduation is applied, for example, so that the
preferential eye is used only for close-range vision.
Drug penalization
It is a method of alternative support to the occlusive one. A cycloplegic drug is
applied in the preferred eye to favor the vision of the amblyopic eye.
Motor treatment
Botulinum Toxin Chemodenervation: The botulinum toxin is a transient effect
muscle paralyzing drug applied to weaken muscle action and promote harmonic movement, correct strabismus and improve nystagmus. Application can be
repeated according to the response of each child. (Figure.16. 1).
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Botulinic-toxin treated patient
Esotropia
before
treatment.
After
treatment.

Figure 16.1. Patient treated with Botulinum Toxin pre- and post-treatment.

Surgery
The surgery of extraocular muscles is decided once visual functions have improved and the methods applied have not resolved the deviation. In some congenital cases the surgery is performed initially if the position of the eyes generates important torticollis in the child. In acquired strabismus of a paralytic type,
for example, surgery is not able to return muscle function so that the purpose
is to achieve the best position to the front. The surgical plan can include one or
both eyes, the decision is made by the ophthalmologist depending on the magnitude of strabismus, fixation, history of previous surgeries, eye movements,
etc. Surgery for the improvement of nystagmus is also indicated.
It is important to mention that there are methods of treatment that have been
abandoned due to their inefficiency, such as the use of membrane sectors in
glasses, grid glasses, vitamins, etc. It is also important for physicians to confirm
the good visual evolution of children, even if for some reason surgery was performed prior to sensory treatment, since it happens that with some strabismus
surgeries, the child has the eyes apparently corrected, making their parents
think that their visual defect has been resolved, and then it is important to be
sure that the correction was not only cosmetic but visual. The ophthalmologist
should ensure that the child receives sensory treatment to improve amblyopia
as much as possible. Visual rehabilitation is intended to recover monocular vision and if possible to establish binocularity.
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It is therefore important to perform binocular tests in case of having achieved
the rehabilitation of a favorable vision in each eye. Binocularity tests applicable
in young children are tests of Worth points, Bagolini striated prisms, Maddox
rods, and for the measurement of stereopsis, the Titmus test. In older children,
the stereoscopic test by Lang, Randot and TNO can be performed18.19. (Figure
16.2).
CAN YOU SEE THE STAR IN THE CENTER?

Figure 16.2 Stereoscopic test.

 16.11. A HEALTH PROBLEM IN MEXICO

The detection of visual anomalies in the child is not adequately regulated by the
government or private health services. The levels of amblyopia and loss of binocularity perpetuated in Mexico are of a high level and there are no programs
aimed at correcting this. The higher frequency of visual impairment in premature infants constitutes a higher risk group. Early screening of infants, especially
premature infants, is an important factor in the early detection of anomalies and
in establishing adequate rehabilitation, which may prevent the progression of
sensorineural damage. The accelerated brain plasticity of children, allows to
obtain results with a more favorable prognosis when the rehabilitation takes
place in the first years of life, and then starts to decrease, especially after the
age of 8. This same plasticity is the one that causes greater deterioration when
the rehabilitation is not applied in time and with efficiency. The importance of an
adequate visual development has an impact on better brain skills in the future,
so that children can be introduced to society in the best working, professional
and social conditions.
In the report of the National Day of Strabismus carried out in 2000, where 828
cards of patients with strabismus were included for statistical analysis, strabismus was identified in 55.7% from the first year of life, which means that patients
can be diagnosed early and before major sensorimotor abnormalities start.
Strabismus was mostly detected by the parents, which shows that the patient
does visit the doctor in time, and may suggest that a treatment delay occurs
due to lack of adequate medical preparation. The report shows that only 43% of
the 828 patients had access to any medical treatment (of which IMSS: 20.7%,
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SSA: 16.8%), ISSSTE: 5.8%).
The low levels of treatment in Mexico cause the worsening of cortical damage
with all the neurosensory events described. Among the effects, those of learning and memory level are especially relevant, in particular for visuomotor skills,
where intelligence has been demonstrated at an awkward level with greater
damage in the executive area20,21.
The difficulty of accessing a specialized diagnosis of vision in the different
states of the country can be improved if centers with specific training are established. This improves the information provided to the population and methods
may be used at a distance that do not require the strict transfer of patients, such
as the use of telemedicine and cyber services. Telemedicine, with the acquisition of digital funduscopic images and its transmission to these centers, would
offer the opportunity to identify patients at risk that require an examination or
treatment on site. Obtaining these digital images would also facilitate the development and implementation of multicenter clinical trials22.
According to O’Connor, premature children will be “premature for life”, and
there is no perfect incubator capable of replacing the lack of intrauterine development, which is why the professional should have a management plan
aimed at premature infants, which anticipates the possible defects, stimulates
the damaged areas, and thus stops the damage of prematurity and avoids its
consequences and effects2. 3.
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rehabilitation
Dra. Vanessa
Bosch Canto

CHAPTER 17
REHABILITATION
DR. VANESSA BOSCH CANTO

 17.1. INTRODUCTION

According to the International Classification of Diseases (ICD10), visual impairment may be moderate, severe, or total blindness.
According to the World Health Organization, we have the following
definitions:
BLINDNESS
When we refer to a visual acuity of less than 20/400 in the best eye,
after its best correction.
LEGAL BLINDNESS
A visual acuity that is worse than 20/200 in the best eye.
LOW VISION
The individual who has an impairment in visual function, even after
treatment or conventional refractive correction, and has a visual acuity of less than 20/60 or with a visual field less than 10 degrees from
the central fixation point, but who uses, or possible may use, vision to
plan or execute a task.

 17.2. ROP AND VISUAL DISABILITY

Few effects of prematurity have as serious and lasting an impact as low vision or
blindness caused by Retinopathy of Prematurity (ROP).
Controlling child blindness is one of the major priorities of the Vision 2020 program: “The Right to Vision”. WHO estimates that there are 1.4 million blind children in the world and three times as many children with low vision.
Causes of childhood blindness vary from region to region, but in Latin America
an estimated half a million children with visual impairment (blindness and low
vision) are due to retinopathy of prematurity.
ROP blindness can be avoided through improvements in neonatal care and the
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timely detection and treatment of established retinopathies that can threaten
vision. In addition, early identification of the child with low vision and the subsequent appropriate management is critical to promoting the child’s appropriate
development. Since ROP is a disease with a high risk of vision impairment,
those who have suffered from it should be included in the category of “children
with special care needs”.
Repercussions on the functionality and quality of life of these children are catastrophic. The economic impact that a visual disability represents for the family
and society is unquestionable. For all this, it is imperative that these children
enter a program of stimulation and rehabilitation. Their immediate reference
represents an URGENCY FOR DEVELOPMENT.

 17.3. THE VISUAL DISABILITY CHILD

Visual perception is the ability to interpret the images received through the visual system. The brain must exercise its capacity for interpretation and association, resorting to the memory of other images equally perceived. Through this
process, it must give name, functionality, sense and location to what is received
by both eyes.
Vision is the motor that drives psychomotor development in the first years of life.
Perceptive difficulties of the visually impaired child exceed the confines of pure
and simple sensory limitation. In most cases, low vision is only the first link of a
pathogenic chain that leads into a limited concept structure and therefore in an
inadequate and partial use of the visual remnant.
A child with visual deficit needs to know that beyond his hand is a world of
objects and people with whom he will have to interact. Early intervention is an
emergency for the treatment of these babies. We must give them the opportunity to know total experiences, i.e. not only the verbal and tactile, but also spacetime positions, and relations regarding their own perception, other beings and
other objects.

 17.4. BASES OF VISUAL STIMULATION

Visual stimulation is closely related to visual development, because it allows a
child to become interested in their environment, to explore it and to know what
it is.
A child with normal vision will develop the ability to see spontaneously. However, in most cases, a child with low vision will not do so automatically, so they
should be stimulated visually through a systematic program aimed at developRetinopathy of Prematurity

154

ing their visual functions. If we fail to do this, they will work visually well below
the level that their visual problem would allow them. Faye says: “residual vision
should be used to the maximum,” which from a perceptual and learning point
of view means that the more you look at and use your vision, the more visual
effectiveness you achieve.
Therefore, vision is a learned function, and its quality can be improved training
it for an appropriate period of time.
As already mentioned, visual stimulation occurs automatically in a child with
normal vision, but should be triggered in a child with low vision. It is specifically
aimed at children with congenital or acquired visual deficits in the early stages
of life, such as children with effects of retinopathy of prematurity.
The visual ability a low vision child can achieve is not necessarily related to
the type and degree of visual loss. We can find two children with similar visual
problems (same visual acuity) and yet their visual functioning can be very different in each case, depending on the degree of stimulation and their level of
maturation.
Visual ability can be developed with a sequenced program of visual demands,
and this is what we call VISUAL STIMULATION.
The main goal in this program is make the best use of the visual remnant available to achieve VISUAL EFFICIENCY.
For this, visual stimuli must be increased and intensified. Repetitive stimuli are
provided and should be given extra to those that the medium commonly offers.
These are provided in the context of what the child does, that is, playing. This is
why the most important therapeutic tool are games.
Visual efficacy is related to general intelligence, motivation, visual stimulation,
environmental influences and the child’s own individuality with his/her personal
ability.
The development of the visual function is a discontinuous process characterized by important qualitative variations.
Visual efficiency is unique to each person and cannot be measured or accurately predicted clinically using psychological or educational tools. It includes
near and far visual acuity, control of eye movements, contrast sensitivity, color
vision, accommodation ability, visual memory construction, and brain capacity
to process information.
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It is very important to say that vision can never be saved or spent, since the
more it is used, the greater the probability of a better visual functioning, therefore it is necessary to have strategies to stimulate optimal and functional use of
vision, and to facilitate motor, cognitive, social, language, affective and behavioral development.
However, it is very rare to assess the functional vision of a baby and even less
to do so in a ROP case.

 17.5. FUNCTIONAL EVALUATION OF VISION

The clinical evaluation of a pediatric patient oriented toward visual rehabilitation differs markedly from the usual routine when examining a child with normal
vision.
We must keep in mind that the goal of a low-vision specialist in a visual stimulation program is to measure the child’s abilities and needs. These are dynamic
and change according to the age and the psychomotor development.
The ophthalmologist, an expert on visual impairment, should answer a number
of questions that arise when examining a visually impaired pediatric patient,
and who will later lay the groundwork for the stimulation program. It should
be taken into account that the assessment of a child with low vision should be
done in time, with no hurry. In a place with optimal conditions for the infant.
That is, in an environment that does not scare them, free of loud noises, without
distractors, before the presence of preferably both parents and using a simple
language that they are able to understand.
The materials used should be appropriate to the child’s age and abilities, with
parents always helping to establish communication with the child.
But, what do we do to assess the functional vision of a baby?
It begins with a thorough questioning, aimed at knowing if the psychomotor development is the right one for the age. We should ask the mother or the person
in charge of that child’s care if the infant “sees her or does not see her”. The
opinion she gives us is fundamental, since the mother has the opportunity to be
with the child longer, in different situations and before different stimuli and can
notice his/her visual performance.
It is important to ask for a prenatal and perinatal history, use of any medication
that could alter attention, concomitant illness and if the child adopts a “typical”
position.
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Then we observe their free behavior. It is important to determine the visual
sphere with which we can work with that child. That is, to establish the distance
from which we are going to check him/her. We should look at his/her behavior
and his/her response to external stimuli such as light, if he/she looks for it, follows it, moves his/her eyes or head towards it or if it causes discomfort.
It is necessary to remember that babies follow facial stimuli better, since they
are oriented following the reliefs of the face, such as eyebrows, eyes and mouth.
And they show greater fixation to faces than toys.
We value the presence of fixation. If this exists, we evaluate VA with preferential
look cards, of the Teller type or Lea rackets.
We check how is contrast sensitivity with special cards for preverbal children
such as those be Hiding Heidi. We make a gross valuation of visual field using
toys of strong colors and high contrasts.
If we are facing an older child, say, from two years onwards, we should assess
near vision. This can be done with close-up cards with optotypes of figures,
such as Lea cards or letters, if considered sensible. Let us remember to conduct a search with head movements, and approximation. The child should feel
free to adopt the position he or she wishes to allow functional vision, which is
the vision the child uses.
Any type of vision is useful and can be trained. If the child has peripheral vision,
it will allow him/her to defend inside the classroom or in the yard and the central
vision will allow him/her to read his/her textbooks or write. The aim will always be
to increase the visual remnant to make it as functional as possible.
We continue with a complete ophthalmic examination. It is elementary to explore the pupils. We must recall that in newborns, they are miotic. But they have
to be PERRL.
If necessary, supplement clinical assessment with evidence of electrophysiology. In all cases it is elementary to do a refraction study and test it. Most of the
times, an improvement in visual acuity can be achieved even with the correction
of small ametropias.
Children with retinopathy of prematurity frequently develop high myopia from
an early age. Aerial lenses could be used or in cases of severe anisometropia,
contact lenses. Always taking into account the correction for near vision.
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If necessary, visual aids will be adapted according to the specific needs of
each child, if these will help in the optimal use of functional vision.

 17.6. OPTICAL AIDS

There is a great diversity of optical aids. The low vision specialist will need to
find the one that best suits the child’s visual needs and age.
To improve distant vision, we have aerial lenses and telescopes with different
ranges.
The telescope can be mono or binocular, manual or mounted on glasses. Children tolerate them well with magnitudes between 2.5 X and 6 X. It is important to
say that telescopes can not be used for wandering. Their practical use is being
sedentary (not ambulatory), for example, to see the blackboard, the TV, to go to
the cinema, signs, etc. (Figure 17.1)

Figure 17.1. Aerial lenses and telescopes with different ranges.
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For close vision we can prescribe lenses or magnifying glasses that are convex
lenses of different graduation to increase the size of objects. The more magnification a magnifying glass has, the smaller its diameter, and the smaller it is also
the visual field to see. There is a lot of variety in magnifiers such as: hand magnifiers, paperweight magnifiers, integrated light magnifiers, clip magnifiers, etc.
Magnifiers come in a very extensive diopter range (4 to 74 D), are easy to obtain
in the market at a fairly affordable price and the patient usually adapts very well
to their use. (Figure 17.2).
In special cases, there are electronic aids, which are a bit more expensive.
They work by increasing projection. An object is enlarged by projecting it into
a screen with slides and closed circuit television. These allow the image to be
enlarged to almost 100 times its size. With them we can also change the colors
of the images, change contrasts and modulate light to avoid glares. There are
some electronic aids of different sizes, but they are portable, and there are
those connected to a screen and are static.

Figure 17.2 A variety of magnifiers such as: hand magnifiers, paperweight magnifiers, integrated light magnifiers, clip magnifiers, etc.
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 17.7. NON-OPTICAL AIDS

They are aids that favor the use of the visual remnant. For example: filters with
different level of absorption, notebooks with reliefs, magnified books, guides to
sign and cut food, threaders, measuring tapes with marks, split head needles,
talking clocks, markers, lined papers, lecterns.
It is of great help to play with CONTRASTS. Remember that strong colors in
contrast help to better distinguish shapes. They can be very useful when it
comes to sitting at the table, going down stairs, recognizing shapes and reading and writing.
Another fundamental aspect is ILLUMINATION. This should avoid shadows and
glare, should always be directed towards reading-writing material as it improves
contrast quality, and have a suitable location. If extra lighting is required, use a
desk lamp.

 17.8. NEEDS AND OBJECTIVES

It is important to keep in mind that the needs and goals that are intended with
the visual stimulation program will change as the child grows. They will be modified according to their age, their intelligence and their development. Thus, we
will consider the following generalities:
CHILDREN 0-1 YEAR
They will need visual stimulation related to their immediate family environment.
CHILDREN 1-3 YEARS
An orientation and mobility program will be developed to suit their
needs. They will be instructed as far as possible in the use of telescopes to perceive birds and animals, go to the circus or contemplate a landscape.
SCHOOL AGE CHILDREN
They will need to see from afar and focus on the blackboard and
teacher. They will also require support for reading and writing activities. To solve the problems they may have, visual aids will be prescribed, often even in duplicate, for use both at home and at school.
It will be taken into account that they are manageable and that they
can be folded from one place to another. If necessary, electronic
aids will be recommended for greater comfort.
The objectives of a visual stimulation program should always be realistic and
easy to achieve. The collaboration of parents and teachers in establishing them
Retinopathy of Prematurity
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will be valued and as the child grows, it will be he who expresses his new needs.
The expectations of parents should always be relegated to the background, because what really matters is to achieve the primary needs of children. Similarly,
the goals will vary according to the child’s abilities. In this case we must be
flexible and not demand more than he is able to do.
In any case, the family should never deny the child the possibility of trying to
do something without first consulting the low vision specialist, as teamwork and
imagination can achieve what was often considered impossible in the classroom.

 17.9. PLANNING A VISUAL STIMULATION PROGRAM

A multidisciplinary team is required to complete all the objectives of the stimulation program.
The visual remnant is used as a favoring factor, since it gives the child an optimum visual development. The low vision ophthalmologist, according to the
pediatrician, should assist special educators and therapists in planning the visual stimulation program, paying attention to the observation of vision from a
development perspective.
Visual stimulation is not only the job of the specialist in visual rehabilitation, but
of the family and of the child himself. It is a team effort that requires patience, understanding and good communication if the desired goals are to be achieved.
Part of our mission as doctors is to listen assertively to the parents’ feelings,
their fears and doubts. Generally, they are in a state of great emotional tension
and we must understand their situation. The advice and counsel we provide will
be crucial to the acceptance and management of the child’s future.
We have a great responsibility and opportunity to support them. If necessary,
refer for psychological help with a specialist.
In the most serious cases, when there is total detachment of both retinas, we
must inform the family to initiate a program of multisensory stimulation to supplement visual information with stimuli of another nature, as well as the need
to verbalize all the information, to touch and caress the child. Often the mother-child relationship is greatly impaired by the lack of visual response of the
baby. The mother feels rejected and in turn rejects the child, becoming a vicious circle that unfortunately affects the family relationship, the psychomotor
development, the child’s self-esteem and the emotional state of the parents and
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even their relationship as a couple. In these cases, the advice and referral to a
special rehabilitation school for the blind is very important.

 17.10. STIMULATION AND REHABILITATION IN CHILDREN

As we have noted earlier, setting goals for a child is very complex, since the
level of needs is very broad. On the other, it is changing and more ambitious
goals have to be set as the child grows.
In the early stages of the child, the programs should be of VISUAL STIMULATION, teach to see, try to make that the levels of perception are the most appropriate, that they can make use of the perceptual process in the most automatic
and useful way possible. In the baby without visual deficit, this perceptive process starts automatically within a few days of birth, everything around him visually stimulates the child: colors, shapes, lights ..., he receives a constant mass
of visual stimuli, he does not have to do anything else but see. Its functioning is
of a developmental type, the more it looks, the more it stimulates the brain.
In the child with deficiencies in visual acuity and field, these stimuli must be
provoked, since they do not reach him or reach in a weak and distorted way.
They are not motivating, their deteriorated perception channel prevents them
from accessing these stimuli, thus losing interest to explore. Consequently, the
faculties of discrimination, interpretation, etc. are not developed. Therefore, a
proper visual functionality will not be achieved.
Even when a severe visual impairment is present at birth, it is evident that we
can infer the optical and perceptive development by enhancing perceptual
knowledge. This would be the result of a mental activity organized with sensory
information. The visual information would be stored in the brain, making a permanent system.
In the visually impaired child, this process is long and requires the induction
of the different stages that in the child without problems would appear spontaneous.
The first visual functions may have great interest in relation to the maturation of
perceptual-cognitive capacities. Visual acuity (VA) of the newborn is only 3/200,
but it improves rapidly, at three months it reaches approximately 20/200 and at
12 months it achieves more or less the VA of the adult. At two or three months of
age there is already accommodation, although it is not “necessary” before six
months, since visual acuity has not reached its full development. A good central
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visual acuity is a requirement for accurate accommodation. Poor accommodation can occur in many low vision children, resulting from limited visual acuity.
The development of visual functions constitutes a complex neurological interaction, since it is a function of the stimulation of the eye through light, color and
movements, and they form the normal sequence of the development of the
vision, functional abilities appearing later. The succession of visual functions is
the frame of reference that allows observing the visual development of children
with an ocular pathology. Therefore, the first aspects with which we will have to
work will be those of visual stimulation, programmed to achieve the maximum
possible level of visual functionality according to the following sequence of perceptual development:
OPTICAL FUNCTIONS
Exploration: responds to visual stimuli, eye movements, tracking.
OPTICAL-PERCEPTIVE FUNCTIONS
Discrimination: shape, size, color, similarities-differences, figure-background, spatial relationships and motor visual coordination.
PERCEPTIVE FUNCTIONS
Interpretation: it builds, identifies, reproduces, gives sense to that seen,
associates with other visual experiences, builds a visual memory, communicates visual sensations, develops language.
Later, and according to the achievements, we might start the use of a simple
optic aid, such as magnifying glasses, for the child to become familiar with
optical instruments, as long as these do not pose a new difficulty. Much more
important in this age are non-optical aids.

 17.11. ORIENTATION AND MOBILITY

In a rehabilitation program for babies, motor functions are very important. Children with vision problems will have some degree of psychomotor retardation.
For this reason, we should help them to develop the motor abilities that are normal for their age. These can be: holding the head up, sitting, crawling, balance,
walking and orientation.
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Figure 17.3 Rehabilitation program for babies: head support, sitting, crawling, balance, walking
and orientation.

The most important thing is to make the child self-sufficient for movement.
Orientation is the process by which, using the senses, one establishes the position in which one finds oneself and the relationship with the other significant
objects of their environment. For a person with visual impairment, being able to
develop an awareness of their environment is a consequence of concentration
and practice, after a period of learning.
The orientation process requires the child to be able to integrate sensory data
received from the environment in the form of movement to achieve the desired
goals. This requires the development of all sensory systems. This is only possible through a systematic and extensive training program, the basis of which is
the three elements that make up orientation:
•
•
•

Where am I?
Where is my target?
How do I get there?

There are different techniques to achieve an optimum development of orientation and mobility.
In cases where it is necessary, the child should be trained in the use of a walking stick that allows him/her to move safely, effectively and independently in
family and non-family settings.
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 17.12 BASES OF VISUAL STIMULATION

Not forgetting that the main goal of a visual stimulation program is to obtain the
maximum use of the visual remnant and despite the fact that each program is
individualized and based on the particular needs of each patient, some of the
goals sought are:
PSICOMOTOR AREA
• Favor postural control, which will allow sitting, standing and ambulation.
• Achieve dynamic postural control, which will favor the relationship with the surrounding environment.
• Favor a dynamic and static balance.
• Establish lateral dominance.
• Achieve dynamic coordination through simultaneous and alternate movements, which will allow movement in space.
COGNITIVE AREA
• Favor the construction of the topological space: up-down, in the
middle, open-closed, inside-out, front-back.
• Start left-right directionality.
• Knowledge of the physical characteristics of objects: color,
taste, smell and shape (circle, square, triangle).
• Classify objects according to their physical characteristics.
• Form series of objects by contrasts.
SOCIAL AREA
• Learn hygiene habits.
• Learn food habits.
• Use socially accepted norms.
• Interact with children of their age to assimilate patterns of coexistence.
LANGUAGE AREA
• Recognize, by tone of voice, moods.
• Express basic needs in different forms.
• Orally manifest the pleasant and unpleasant elements of the environment.
• Identify that there is another form of communication: the written
language.
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 17.13. IMPORTANT RECOMMENDATIONS

Some key recommendations about a visual stimulation program would be:
• Every stimulation program is individual. It is based on the goals and
needs of the person.
• The duration of the stimulation sessions can vary between 5 and 30
minutes, depending on age, attention and fatigue.
• Instructions and vocabulary must be adapted to the level of understanding of subjects.
• The program can not be restricted to work sessions. The collaboration of other professionals, of the parents is to be encouraged, making them participate in the program, its nature and objectives. Usually
“homework” is given to be performed at home every day.
• The rhythm and order of the sessions must be adapted to each person.
• In many cases it will be necessary to review or reinforce tasks that
seemed to have already been mastered or to move quickly through
tasks that do not involve any difficulty.
• In all cases, all the tools that contribute to the accomplishment of the
task (optical aids, non-optical aids, light, etc.) must be used.
• Many lessons will have to be adapted in terms of form or materials to
accommodate the needs of each subject, as they are designed for a
particular age group.
• The sooner we start, the better the visual stimulation process will be.
We are facing an URGENCY FOR DEVELOPMENT.
• The vision does NOT wear out. All visual remnant should be used
again and again for its stimulation.
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